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HOW MPB bearings 
solve miniaturization problem 


for Bendix Radio 


ACTUAL SIZE MPB #3 







MPB ball bearing used as Index Pawl 


miniature frequency selector swttch 


OPERATING CONDITIONS — miniature ball bearing serves as 
index pawl in 4-position indexing device . .. bearing travels 
at 936 r.p.m. CRITICAL — low starting torque, low friction rota- 
tion ... high impact loads . . . long, trouble-free bearing life. 
RESOLVED — by use of MPB No. 3, .1875” o.d. full-race bearing. 


To quote Mr. John F. Wroten, Jr., mechanical engineer 


with Bendix Radio Division, these are some of the 
reasons why MPB bearings were selected in the minia- 
turization of their frequency selector switch: “The 
low friction rotation of the bearing practically elimi- 
nates drag in the indexing action, and reduces to a 
minimum the amount of power required for disengage- 
ment. Also, the bearing displays unusually high re- 
sistance to the frequent impact loads a detent stop of 
this kind must withstand .. . . Because rolling contact 
occurs between the pawl and the plate, the plate can 
be made of soft stainless steel.” 

For problems involving miniaturization, consult MPB, 
pioneer manufacturer of miniature ball bearings. 


Miniature Precision Bearings, Inc., 103 Carpenter St., Keene, N. H. 
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over 60,0€%.-- end 


Over 60,000 American Bosch PSB single-plunger distributor-type 
Diesel fuel injection pumps have been produced since the pump 
was introduced several years ago. 


Today, this simplified, lower-cost pump is being produced at a 
greater rate than ever before. 


Here’s definite proof of the acceptance of the PSB. It has literally 
revolutionized the concepts of fuel injection and made possible 
smaller, lower-cost Diesel engines . . . opening up new markets 

for Diesel power such as the farm tractor. 


Tried and proved in the severest service, the PSB has rolled up 
remarkable records of performance—requires less maintenance— 

is easily serviced in the field. No wonder it has been hailed throughout 
the industry for its great contribution to Diesel progress. 

American Bosch Corporation, Springfield 7, Mass. 
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@ A rugged, stable D-C Amplifier, with less drift. 


@ Has permanent components—no electrolytic capacitors, 

















no choppers. : 

@ Uses only tube types on standard Preferred list. 
¢@ High response speed (in the order of 1/10 sec. nominal— 

Gs faster on the higher ranges). 
* @ Accuracy better than 0.1% on higher ranges... geo 
E /t = # 1% general accuracy. hig 
\ ] : @ For industrial applications, ranges down to 1 millivolt Pet 
Neg Input Rest: and 20 microamperes—for laboratory service, of | 
ranges down to 100 microvolts and 2 microamperes. ’ 
@ Interchangeable plug-in range standards. } refi 
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The new Condor catalytic 
cracking unit has a capacity of 
15,000 barrels per day. The 
crude unit in the background 
has a capacity of approximately 
45,000 barrels. Condor's new 
gas plant and compressor 
building are shown below. 


owe 
¢ 


Located in the Po River Valley, and advanta- 
geously situated in relation to Italy’s fine Autostrade 
highway system, **Condor S.p.A. L’ Industria 
Petrolifera e Chimica,” exemplifies the regeneration 
of Western Europe’s essential industries. 


The basic engineering for Condor’s petroleum 
refinery process units was performed in the United 
States by Stone & Webster Engineering Corporation, 
with detailed engineering, procurement, and con- 
struction management by the Corporation’s affiliate, 


E. B. Badger & Sons Limited. 


Write or call us for information as to how 
our experience may be of assistance to you. 


STONE & WEBSTER ENGINEERING CORPORATION 


BADGER PROCESS DIVISION 
AFFILIATED WITH E. B. BADGER & SONS LIMITED (LONDON) 


New York Boston Chicago Pittsburgh Houston San Francisco Los Angeles Toronto 
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GEARS 


Made to Your 
Specifications 


You and we can form a 
team—you to draw up 
the specifications; we to 
make the gears—that 
will be profitable to 
both of us. Gears of all 
types, all sizes, all ma- 
terials. Design-engineer- 
ing service available. 


Custom Gears 
Exclusively 


DIEFENDORF GEAR 
CORPORATION 


Syracuse 1, N. Y. 





for 

tube and 
transistor 
application 
engineering 
service 

Newton, Mass.— Bigelow 4-7500 
New York—Plaza 9-3900 


Chicago — NAtional 2-2770 
Los Angeles — Richmond 7-4321 


*Many types ore available to military 
specifications for Reliable Tubes 





RAYTHEON MANUFACTURING COMPANY 


RECEIVING TUBE DIVISION 
55 CHAPEL STREET, NEWTON 58, MASSACHJ5ETTS 
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Corporation Resolution. — For a quarter of a cen- 
tury, Kant TayLor Compton was the presiding of- 
ficer and guiding spirit of the Corporation of M.L.T. 
At its meeting on October 4 — the first since the death 
of Dr. Compton on June 22— The Corporation ex- 
pressed its deep sense of loss in the death of its 
chairman, in “Resolutions of the Corporation,” the 
text of which appears (page 12) as the frontispiece of 
this issue of The Review. The Resolutions were pre- 
pared and submitted by four Corporation members 
who knew Dr. Compton as scientist, educator, ad- 
ministrator, and public servant, throughout his entire 
period as head of the Institute’s governing body — 
VANNEVAR Busu, ‘16, JaMes R. KiLuian, Jr., 26, 
ALFRED L. Loomis, and Gerarp Swope, 95. In large 
measure, Dr. Swope was instrumental in getting Dr. 
Compton to assume the presidency of M.I.T. Dr. 
Bush was professor, dean, and vice-president during 
Dr. Compton’s administration. Dr. Killian has had 
long and intimate association with Dr. Compton in 
the Institute’s many administrative problems and 
succeeded him as president in 1949. Dr. Loomis has 
often worked closely with Dr. Compton, especially 
during World War II when M.LT. was responsible 
for the Radiation Laboratory. 


Desalting the Oceans. — With something like three- 
quarters of the earth’s surface covered by water, it 
may come as a surprise to many that man could face 
the serious problem of water shortage. Home and in- 
dustrial uses of water have expanded greatly in the 
past half century, and the world’s population con- 
tinues on its upward trend. Before ocean water can 
be made serviceable for most uses, its salt must be 
removed economically. A survey of present-day 
methods of purifying water, and an estimate of the 
cost involved in each case is presented (page 15) in 
an article by Tuomas K. SHERwoon, ’24, Professor of 
Chemical Engineering and, from 1946 to 1952, Dean 
of the School of Engineering at M.LT. Dr. Sher- 
wood’s stimulating article was presented before the 
Society of Arts at the Institute last spring. 


Process of Aging. — As a sequel to his article in 
the May, 1954, issue of The Review (“Is There a 


Limit to Human Life?”) James A. Tosey, ‘15, dis- 


cusses “The Process of Aging” in this issue (page 21). 
The topic is of interest to social scientists and ad- 
ministrators for the problem it creates as the average 
age of the nation’s population continues in its up- 
ward course. But it is of interest to the individual as 


a means of indicating how certain baleful effects of | 


life’s inevitable onward march can be minimized or 
alleviated, and in developing the art of aging grace- 
fully and graciously. Dr. Tobey has four degrees, a 
colonelcy, at least one book, and many magazine 
articles to his credit. 


Russian Air Power. — In an article whose main pur- | 


pose may be said to be that of cautioning against 
over-optimism, Jack W. RiziKa, ‘47, reviews prog- 
(Concluded on page 6) 
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MOLYBDIC OXIDE 


-a versatile intermediate 


Molybdic oxide, MoOs, is the intermediate for 
the synthesis of a large family of 
molybdenum chemicals. 





Will data on 
molybdic oxide 
and its derivatives 
help your thesis 
project? Write for 
our bulletin 


“Properties of 
Molybdic Oxide.” 
Climax Molybdenum 
Company, 

500 Fifth Avenue, 
New York 36, N. Y. 


Cumax MOLYBDENUM 
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application . . . of a NEW principle 
for a BETTER instrument 


 Doelcam: 


> High Stability 


> Wide Dynamic 
Response 


> Magnetic Input 


Linearity within 1°, 
Zero-center meter 
Will drive recorders 


Write for Bulletin 1A15 


The D-C Indicating Amplifier, Model 2HLA-3, is a 

completely self-contained instrument for amplifica- 
* ‘tion and measurement of minute d-c signals. A new 
design concept utilizing the Doretcam Second- 
' Harmonic Magnetic Converter as the input stage 
avoids the limitations of the usual mechanical type 
converters and results in improved performance. 


Soldiers Field Road, Boston 35, Mass. 
Regional Offices: Los Angeles, Calif., 
Washington, D. C., Chicago, Iii. 


“Doelcam corporation 


Instruments for Measurement and Control 
ay, Synchros + Gyros * Servos * Microsyns * Servo Motors 


engineers and PA’s 


This useful 
fact-filled 
catalog 


— 


YOURS FOR 
THE ASKING 


Everything you need to 
know about 


CURTIS UNIVERSAL JOINTS 


in one convenient, file-size package. 


Partial list of contents Write today on your letterhead for 
Sizes & styles your FREE copy. 


Special joints 
How to specify OF | u & T i § 


Test data Trode Mork 


e 

a 

7 

o 

@ Torque & load ratings UNIVERSAL JOINT CO., INC 
ley ° 

rs — & Sroach dute 8 BIRNIE AVE., SPRINGFIELD, MASS. 

: imension drawings As near to you as your telephone 

so 


SINCE 1919 — :XCLUSIVELY A MANU- 
FACTURER OF UNIVERSAL JOINTS 


Engineering data 
Prices 





(Concluded from page 4) 





ress in Russian aeronautical technology from World 
War I to the present time. His article in this issue 
(page 23) clearly shows the benefits which Russian 
aeronautical technology derived from research work 
conducted in Germany during the Hitler regime, and 
emphasizes the need for evaluating present Soviet air 
strength in realistic terms. Mr. Rizika received the 
S.B. and S.M. degrees from M.I.T. in 1947 and 1949, 
respectively, and continued graduate work at Har- 
vard University between 1949 and 1953. He was 
project analyst at the Glenn L. Martin Company 
from 1953 to 1954. At present he is working with a 
member of the Institute’s Department of Mechanical 
Engineering, and with the Aircraft Gas Turbine 
Division of General Electric Company. 


Place for Gladness.— At its quarter-century re- 
union at M.LT. last June, Proressor Erwin H. 
SCHELL, 712, in charge of the Course in Business and 
Engineering Administration, made the principal ad- 
dress at the reunion luncheon of the Class of 1929. 
Professor Scheli’s inspiring remarks, “A Place for 
Gladness,” appear on page 27 of this issue of The 
Review. Since his appointment as assistant professor 
in 1917, Professor Schell has been a popular and 
highly respected Faculty member who has main- 
tained close contact with his former students. 


Science for Man’s Welfare. —In his annual mes- 
sage to the M.IL.T. Corporation, James R. Kian, 
Jr., ’26, President, warned that patriotic and dra- 
matic service of science in national defense could 
divert attention from its true character as a humaniz- 
ing, creative, and spiritual force. A wider recognition 
and understanding of the beneficent nature of sci- 
ence and of creative intelligence is called for, says 
President Killian, whose report is summarized on 
page 29 of this issue. 











Canada Dry bottling plant 
(200,000 square feet) 
Maspeth, Queens, N. Y. 


SEVENTH CONTRACT 
from 


CANADA DRY 
W. J. BARNEY CORPORATION 


Founded 1917 
101 Park Avenue, New York 
Alfred T. Glassett, "20, President 
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The metal that makes time stand still 


Thanks to chromium, steel now serves you with strength and beauty that lasts a lifetime 





IN TIME. one of man’s most useful materials—steel- 
is often the victim of such destructive forces as rust, 


corrosion, heat, or wear. 


THESE NATURAL ENEMIES of steel now are mastered 


by the metal called chromium. When the right amount of 


chromium is added to molten steel. the result is strong, 
lustrous stainless steel that defies the ravages of time. 


IN HOMES, TODAY, stainless steel is a shining sym- 
bol of modern living. It brings us care-free sinks, gleam- 
ing tableware and kitchen utensi!s—all with beauty that 
lasts a lifetime. 

IN INDUSTRY— Food is prepared in super-sanitary 
stainless steel equipment. Streamlined trains and buses 
are made of this wonder metal. Vital parts of jet planes 





NATIONAL Carbons 
Prest-O-LITE Acetylene 
EVEREADY Flashlights and Batteries 


ELECTROMET Alloys and Metals 
HAYNES STELLITE Alloys 
LINDE Silicones 
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UCC’s Trade-marked Products include 


PyYROFAX Gas 
Dynel Textile Fibers 
BAKELITE, VINYLITE, and KRENE Plastics 


that must withstand both blazing heat and sub-zero cold 
are made of tough, enduring stainless steel. 

SERVING STEEL...AND YOU—The people of Union 
Carbide produce alloys of chromium for America’s steel- 
makers. This is another of the many ways in which 
UCC transforms the elements of nature for the benefit 
of evervone. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLastics. Write for booklet G-2. 


Unton CARBIDE 


AND CARBON CORPORATION 
30 EAST 42ND STREET UCC} NEW YORK 17, N.Y. 
In Canada: UNION CARBIDE CANADA LIMITED 





SYNTHETIC ORGANIC CHEMICALS 
PRESTONE Anti-Freeze 
LINDE Oxygen 
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ACHESON Electrodes 
UNION Carbide 





What General Electric people are doing... 


QUIET TUBE 
The U.S. Navy Bureau of Ships is 


interested in anything which would 
extend the range of its early-warning 
radar stations. Since a target is 
identified by distinguishing a pip on 
a radar screen from smaller, noise- 
generated irregularities, any reduc- 
tion in noise would make the pip 
more discernible. 

Our Research Laboratory has been 
working under Navy sponsorship for 
the past few years to design a 
strong, low-noise tube for microwave 
applications. Such a tube has now 
been developed, in collaboration 
with our Tube Department. In this 
tube noise is reduced by keeping the 
electrodes extremely close together, 
thus reducing the transit time the 
electrons require to travel from 
cathode to grid. The shorter the 
transit time, the smaller the noise 
factor. 

The new tube, designated GL- 
6299, is not a single-frequency device, 
although it was designed for use at 
microwave frequencies. In fact, it 
exhibits improved performance 
throughout the radio and audio- 
frequency ranges. For usefulness over 
a large Aeon <0 range, it has been 
made adaptable for use in circuits of 
the cavity, parallel-line, or lumped- 
constant type. Despite its small size, 
it Operates at currents and voltages 
comparable to those of conventional 
receiving tubes. It is being marketed 
by our Tube Department in Schen- 
ectady. 


MAGNETIC SIGNATURES 


Determining the magnetic charac- 
teristics of a metal can be a long and 
tedious business. The usual method 
requires long calculation, using data 
gathered from sensitive ballistic gal- 
vanometers. But that’s been changed. 

Our General Engineering Labora- 
tory in Schenectady has developed a 
device called a D-c Recording Hys- 
teresigraph, which eliminates the 
hours of laborious measurement and 
éalculation. It traces the magnetic 


‘‘signature’’ of a metal directly onto 
a scaled chart in a matter of minutes. 
It is able to do this with the use of 
two fluxmeters, which integrate the 
flux voltage continuously. 

The new instrument is expected 
to be a valuable quality-control de- 
vice for manufacturers of special 
steel. Laboratories can also make 
use of it in obtaining accurate data 
on commercially-available materials 
and in the development of new 
alloys. 


LIFE PREDICTER 


The conventional way of finding 
out how long a fluorescent lamp will 
burn before it fails is to let it burn 
until it fails. But now the engineers 
of our Lamp Division at Nela Park, 
Cleveland, can make a pretty good 
prediction beforehand. 

Other things being equal, they 
find, the life of a fluorescent lamp 1s 
proportional to the amount of emis- 
sion coating on the cathode. By 
weighing this emission coating, the 
life of the lamp can be estimated. 

Our engineers at Nela Park have 
develo oe rapid method of testing 
such lamps a the quantity of 
chemical! on their huatialics without 
breaking open or lighting the tubes. 
The lamp is compared in an elec- 
tronic circuit with one having an 
uncoated cathode. When current is 
applied, the coated cathode is slower 
to increase in temperature. The 
difference is roughly proportional to 
the weight of the emission coating, 
and it can be read on a meter. 


RADIOACTIVE SILICONES 


Our Silicone Products Department 
in Waterford, New York, recently 
made joint announcement with Ab- 
bott Laboratories of North Chicago, 
Illinois, of an Abbott Laboratories 
project making radioactive silicones 
available for medicine and industry. 
Such silicones may prove to be a 
valuable research tool in certain 
areas. Radioactive silicone fluids, for 


example, are madé readily measurable 
in minute amounts by the incorpora- 
tion of Carbon-14, and they are ex- 
pected to offer a clearer insight into 
the behavior of silicones in the 
human body than could previously 
be obtained. 

The new fluids have been designed 
for laboratory and clinical test work. 
They will not be a part of finished 
medicinals sold to the consumer. In 
conformity with Atomic Energy 
Commission practice, such initial 
studies must be conducted on animals 
only. 


FILM FIXER 


What camera fan hasn't spent hours 
in a darkroom trying to minimize 
the harmful effects of scratches, dust, 
or fingerprints on his favorite 35-mm 
negative? Thanks to Dr. C. Guy 
Suits, vice president and director of 
our Research Laboratory, all three of 
these defects can now be corrected. 

Dr. Suits, one of whose hobbies is 
photography, found that most of the 
troublesome damage from scratches 
occurred in the film base or in the 
gelatine overcoat, rather than in the 
silver image between. He reasoned 
that a liquid with the right proper- 
ties might fill the “‘valleys’’ formed 
by scratches and eliminate the valley 
side surfaces that scatter light. 
Although glycerine has been used for 
this purpose, it is very viscous and 
forms bubbles 

He finally found the solution in a 
silicone oil, which has been named 
Refractasil. Not only did it solve the 
scratch problem, it also turned out to 
be a highly satisfactory cleaner, re- 
moving fingerprints like magic. And 
with a special circulating container 
designed by Dr. Suits, it served to 
remove dust particles, as well. 

Equipment using the Suits tech- 
nique may soon be marketed by 
another manufacturer. Refractasil, 
the silicone oil, is already in produc- 
tion in our Silicone Products Depart- 
ment at Waterford, New York. 


Progress /s Our Most Important Product 
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This room is the control, nerve, or “‘brain 
center” of the modern public utility system. 
From this room control cables carry impulses 
that operate switches, remote control devices, 
and telemetering equipment. Here men, by 
means of remotely-controlled switches, set up 
and break down circuits. It is here that failures 
of equipment and outages caused by the ele- 
ments are circumvented. 

All of these operations depend upon the 
sure and dependable performance of Simplex 
Control Cables. They must be ready to cperate 
under every conceivable kind of condition. 
These control cables bear a measure of re- 
sponsibility entirely out of proportion to their 
size. But they do it with absolute dependa- 


x 
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bility. The safety of many millions of dollars 
of public utility equipment rests upon these 
slender cables and the equipment they control. 

Simplex Control Cables are made in three 
styles: Anhydrex-insulated and neoprene- 
jacketed, Polyethylene-insulated and Plastex- 
jacketed, and Plastex-insulated and Plastex- 
jacketed. There is a size and a style to meet 
every operating condition on your public util- 
ity system, whether it be to operate equipment 
at a distance, for telephone and communication 
circuits, for telemetering devices. Whatever 
the need, be sure that the vital connecting link 
between the “brain” and the equipment is 
Simplex Control Cable. 

Your local Simplex representative will be 
glad to help you with any problem you may 
be facing which has to do with cables. 
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Operation “Brain Center” 


SIMPLEX WIRE & CABLE CO., 79 Sidney Street, Cambridge 39, Mass. 
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GOOD/SYEAR 
presents a new kind of 
Tubeless Tire 





Standard equipment for 


leading 55 cars...costs no more than 


a standard tire and tube ! 


Goodyear has produced a new tire—a tubeless tire 
—the proud successor to every tire you’ve ever 
known or heard about. 


After years of research that sought a new ap- 
proach to the tubeless idea, this tire is now a reality 
—thanks to the development by Goodyear of a 
new way of treating tire cord—the exclusive and 
patented 3-T process. 


The 3-T process makes the new Goodyear Tube- 
less Super-Cushion the most efficient air container 
ever made. It permits a new method of constructing 
tire bodies. It lets the great new Tubeless Super- 
Cushion set new standards of tire performance. 


The new Tubeless Super-Cushion gives: 


1. Puncture Protection—of a kind never offered 
before in either standard or tubeless tires. 


2. Blowout Protection—providing a greatly in- 
creased margin of safety. 


3. Better Performance—a quieter, smoother, easier 
ride—plus even greater mileage than today’s 
great standard tires. 


4. And it combines all these advantages at a rea- 
sonable price . . . no higher than the price of a 
standard tire and tube. 


Perhaps the best proof of these statements is found 
in the action of the automobile industry. The new 
Tubeless Super-Cushion will be standard equip- 
ment on many of the new 1955 cars. 


MORE PEOPLE RIDE ON GOODYEAR TIRES THAN ON ANY OTHER KIND! 


Super-Cushion, T. M.—The Goodyear Tire & Rubber Company, Akron 16, Ohio 


THE TECHNOLOGY REVIEW 


> 
i 
3 
i 
e 


oe ron, 


AP EN 


q 
; 
g 


PROG SONG ear 











E. 


Ed 


Bu 








[EW 


PO PM 





ODOT 


Te eT ee 


THE 


TECHNOLOGY 
REVIEW 


S. PATENT OFFICE 


rITLE REGISTERED, U. 


EDITED AT 


THE 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 





C. E. Patch 


Looking across the valley, from 


the Inn at Innsbruck 





Editor: 
B. Dubey 


Business Manager: 


R. T. Jove 


Circulation Manager: 

D. P. SEVERANCE 
Editorial Associates: 

Paut COHEN 

J. R. Kacuran, Jr. 

F. W. Norpsiek 

J. J. Row.Lanps 
Editorial Staff: 

Rutu KIncG 

EVANGELINE SFERES 
Business Staff: 

Eimteen E. Kuimowicz 

Mapeuine R. McCormick 


Publisher: 
H. E. Losper. 





Published monthly from November to 
July inclusive on the twenty-seventh of 
the month preceding the date of issue, 
at ro cents a copy. Annual subscription, 
$4.00; Canadi-n and foreign subscrip- 
gy $4.50. Published for the Alumni 
Association of the M.I.T.: Hw gh 5S. 
Ferguson, President; H. E. Lobdell, 
Executive Vice- -president; 
Morse, Gilbert M. 


Treasurer. Publisted at Hildreth Press, 
inc., Bristol, Conn. Editorial Office, 
Room 1-281, Massrchusetts Institute of 
Technology, Cambridge 39, Mass. 
Entered as second-cl-ss mail matter at 
the Post Office at Bristol, Conn. Copy- 
righted, <e » the Alumni Associa- 
tion of the achusetts Institete of 
Technology. Thre weeks raed p.. 
allowed to effect change of addr 

ay both old and new eadrenses 6 sheuté 

given. 

















VOL. 57, NO. 1 +x CONTENTS x 


BRIDGE SCENE, NEW YORK 


NOVEMBER, 1954 


PHOTOGRAPH BY WARD ALLAN HowWE ................... THE COVER 


RESOLUTION ON KARL TAYLOR COMPTON ..... FRONTISPIECE 
Members of the M.I.T. Corporation pay tribute to a former 
President and Corporation Chairman 


FRESH WATER FROM THE SEA ...... By Tuomas K. SHERWOOD 
Review of existing means for increasing our fresh water supply 
points to the need of further engineering progress in reducing 
costs 


THE PROCESS OF AGING .................. By James A. ToBEy 
New problems — physiological, economic, and social — come into 
being as the average age of the nation’s population continues to 
increase 


AERONAUTICAL TECHNOLOGY IN THE U.S.S.R. By J. W. Rizika 
Profiting from experience of World War II, and aided by German 
scientists, Russia has made rapid progress in developing military 


power 
A PLACE FOR GLADNESS ................ By Erwin H. SCHELL 


At its 25th-year reunion, the Class of 1929 heard words of in- 
spiration from one of its favorite professors 


SCIENCE FOR THE GOOD OF MANKIND By James R. KILuian, Jr. 
Summary of the year’s progress at the Institute, as extracted from 
the President’s Annual Report to the M.1.T, Corporation 


THE TABULAR VIEW ©° Contributors and Contributions ......... 
THE TREND OF AFFAIRS + News of Science and Engineering .... 


THE INSTITUTE GAZETTE * Relating to the Massachusetts Insti- 
100. TUONO 5 wink icicdddddckadetinindesetimembuedeewwds 


te 
~~ 


13 











KARL TAYLOR COMPTON 1887-1954 
President of the Massachusetts Institute of Technology, 1930-1949 
Chairman of the Corporation, 1949-1954 


RESOLUTIONS OF THE CORPORATION — 


Possessed of rare qualities of imagination, perception and 
understanding, Karl Taylor Compton — as scientist, teacher, educo- 
tional administrator and devoted public servant—demonstrated 
throughout his life the power and the good of disinterested 
creativeness. 

In the breadth of its intellectual undertakings, in the forward 
thrust of its researches and in the spirit of common trust and 
loyalty pervading its people the Massachusetts Institute of Tech- 
nology is witness of what his creative force accomplished during 
the nineteen years of his presidency and the five years of his wise 
elder statesmanship as Chairman of this Corporation. He found 
M.1.T. an eminent engineering school; he left it a pre-eminent 
institute of technology of a new and vital sort. Through his 
wisdom the Institute was consolidated and stabilized in its tradi- 
tional endeavors, and through his foresight it was given new 
motivation and direction that fostered its growth and increased 
its scope in a crucial period. When he came to M.1.T. it had 
3,209 students, 563 on the staff and a budget of $3,739,000. 
When he died it had 5,183 students, 1,595 on the staff and a 
budget of $46,181,172. He added a School of Science which has 
flourished. He encouraged and greatly extended the Inst:tute's 
program of graduate study, and he engendered a humane and 
liberal spirit which found many embodiments including a School 
of Industrial Management and a School of Humanities and Social 
Studies. The extraordinarily successful Technology Loan Fund and 
many other aids to students owe their inception to him. 

The young men and women who come to M.1.T. for the nurture 
of mind and spirit are the beneficiaries in manifold ways of his 
forethought and his vision. None who knew him well will doubt 
that in the prospering of these young minds he found his. greatest 
reward. Let it be remembered that at nearly the last occasion 
when he talked with an Institute gathering, he spoke of his own 
first Commencement, when his father had said to him,''Karl, this 
is the proudest day of my life.’’ He sought to pass on to his 
hearers that pride which the older man has in the achievement 
that the younger man has attained. 

For the hallmark of Karl Compton was generosity of spirit, the 
will to share that which he had, of mind, of spirit, of soul; his 
great gifts of intellect and comprehension he offered freely and 
readily wherever there was need. Among his colleagues in faculty, 
administration and student body he was an example of justice, 
integrity and candid simplicity. He had a wondrous gift for 
calling forth the best in other people and for engendering a spirit 
of good will among all coming within his influence. His person- 
ality was free of any trace of guile, a personality emanating 
goodness and wisdom and always generous and benevolent in 
human relations. The generosity of spirit which characterized him 
found naturai expression in the friendliness with which he met 
the world. Throughout the Institute, his associates from the 
highest to the humblest knew him as a friend, and it is thus.that 
they hold him in their hearts. As our fellow member, Mr. Ferris, 
has said, ‘‘The beauty of his countenance and the expression of his 
face was ciearly an outward sign of inward and spiritual grace.’ 

The record of Karl Compton's accomplishments as scientist, 
teacher and public servant is large in the history of our age. 
The Corporation of the Massachusetts Institute of Technology 
engrosses that record with pride in its annals, and therein sets 
down with especial honor these matters that ‘follow. 

As a scientist, a follower of the baffling trail of truth, Karl 
Compton in the years before he was called to administer and 
guide for the well-being of others had made discoveries which 
advanced the noble discipline of physics. His published papers 
recording this achievement total more than a hundred, ranging 
from discussions of photoelectric phenomena to considerations 
of spectroscopy in the extreme ultraviolet. From this devotion of 
his to the advancement of learning in the field of physics grew 
his conviction of the necessity of consolidation and collaboration 
in the efforts of scholars in that field and, as a conseauvence, his 
achievement as principal creator of the American Institute of 
Physics. Beyond question, the course of development of physics 
was furthered and accelerated through Karl Compton's contribu- 
tions. As one of his colleagues has said, ‘‘He was one of science's 
proudest examples of what a scientist should be and do." 


But his work as a scientist was not confined to his accomplish- 
ments in research and in the focusing of creative effort. It was 
in no small measure as a teacher that Karl Compton gave 
effectively of himself to the advancement of learning. At Reed 
College and at Princeton University, his power to impart knowl- 
edge and, beyond that, to fire learning minds with the urge and 
the determination to press on with the search for comprehension, 
is today a proud tradition. At the Massachusetis Institute of 
Technology the devotion to the truth and its advancement, which 
in the earlier days had made him an inspiration to students 
directly, of necessity took its expression in the reshaping and 
evolving of the institution and its program as a whole. The 
advances in practice and in philosophy which took place at the 
Institute in the years following 1930 are the impressive record of 
the achievements of Karl Compton the statesman in education 
who had grown out of Kari Compton the teacher in lecture hall 
and laboratory. 

Partly in parallel and partly in sequence with this evo'ving of 
the inspired researcher and teacher into the creative guide and 
administrator in university affairs was the growth of Karl Comp- 
ton’s share in the nation's trials and responsibilities. During the 
First World War he had engaged in the development of submarine 
detection devices and had later become an officer of the Research 
Information Service and an associate scientific attaché to the 
United States Embassy in Paris. Between wars, as Chairman of the 
National Science Advisory Board and in many other capacities, 
he was an eloquent advocate for putting science to work for the 
national welfare. When the threat of the Second World War 
loomed Dr. Compton served as a member of the War Resources 
Board in 1940. In June of that year he became a member of the 
National Defense Research Committee, later to be expanded as 
the Office of Scientific Research and Development. It was through 
this agency that Dr. Compton gave of his best to the nation 
during the entire struggle, so effectively that the citation ac- 
companying his Medal of Merit declared that he personal'y had 
been responsible for shortening the duration of the wa-. Di 
rectly responsible, as head of the famous Division 14 of the 
O.S.R.D., for American radar development, Dr. Compton made 
his counsel and wisdom available in other fields as well, including 
the development of atomic weapons. Shortly before the end of 
the war he had gone to the Pacific to direct the Office of Field 
Service of the O.S.R.D., and when Japan surrendered, as one of 
the first civilians to reach the island, he led a survey of the status 
of Japanese military science. In these and many other ways he 
rendered a vast service to our country. 

This judicial capacity of his was to be called upon again in 
the years after the war when in 1948 he was called to the chair- 
manship of the Research and Development Board of the Nat onal 
Military Establishment. The statesmanship which produced these 
wartime calls had its peacetime analogue in the many requests, 
to which he generously acceded, that he hold posts in government, 
foundations and public trusts as well as in industrial corporations. 
Among these should be recited the Ford Foundation, the Rocke 
feller Foundation, the Sloan Foundation and the S!oan-Kettering 
Institute. 

Massachusetts Institute of Technology will go forward in ac 
complishment in the years ahead, expanding science and tech 
nology, stimulating the worthy ambitions of youth, serving its 
country in time of need. It will continue to be a body of 
scholars bound together in friendly relationship for creative ef- 
fort. It will proceed on this path with greater assurance and de- 
votion because of the life of Karl Taylor Compton and because 
his inspiration will long endure in all our hearts. 

In expressing its deep sense of loss in the death of its Chairman, 
Karl Taylor Compton, the Corporation of the Massachusetts 
Institute of Technology inscribes this tribute to him and resolves 
that it be made a part of the permanent record and that copies 
be sent to his family. 


Respectfully submitted, 
VANNEVAR BUSH 
JAMES R. KILLIAN, JR. 
ALFRED L. LOOMIS 
GERARD SWOPE 
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The Trend of Affairs 


Edna — in Three Dimensions 


EW ENGLAND is noteworthy for the variety of its 
N weather and the rapidity with which it 

changes. The northeast segment of the United 
States is not usually regarded as being in the hurri- 
cane belt, but the tornado that struck central Massa- 
chusetts in June, 1953, and the hurricanes that visited 
New England in 1938 and 1944—together with 
Carol and Edna, striking on August 31 and Septem- 
ber 11, respectively, of this year — leave little doubt 
but that occasionally New England residents can ex- 
pect disastrous winds of greater than gale velocity. 

Although less damaging to life and property than 
its predecessor of August 31, the course of Hurricane 
Edna was photographed by radar from many angles, 
and its progress was carefully plotted. As it swirled 
up the Atlantic seaboard, radar photographs of Edna 
show what is believed to be the first three-dimen- 
sional radar information about a disastrous tropical 
storm at the height of its fury. 

Some of these unusual photographs show the great 
storm while it was still about 125 miles southwest of 
M.L.T.’s radar station at South Truro, Cape Cod. The 
photographs were made by a group of M.I.T. radar 
engineers and meteorologists of the Air Force Re- 
search Center from Cambridge, who, for more than 
30 hours of exciting and exhausting activity, plotted 
the weary wet miles of the hurricane’s course to New 
England. No less than 8,000 photographs were made 
of Edna during the course of her tempestuous per- 
sonal appearance tour from the Caribbean to the Bay 
of Fundy. 

When it became apparent that the hurricane 
would strike the New England Coast, the M.I.T. 
Department of Meteorology, the Air Force Cam- 
bridge Research Center, the M.I.T. Lincoln Labora- 
tory, and the Air Force Base at Hanscom Field 
(Bedford Airport), quickly improvised a network of 
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emergency weather observation and reporting sta- 
tions. In addition to extra cameras for radar photog- 
raphy, emergency power sources and auxiliary 
communication systems were set up in case normal 
power and telephone services were disrupted. Normal 
local weather forecasts were augmented and nearby 
airfields were advised continuously of the hurricane’s 
force and direction in order that aircraft necessarily 
left in the open on airfields could be protected as 
much as possible. 

By Friday evening, September 10, a group of engi- 
neers and meteorologists, all volunteers, began their 
vigil at the South Truro radar site. From that time 
on, radar observations, temperature, barometric pres- 
sure, wind force and direction, and other information 
on the storm came in by radio, not only from the 
Truro station, but from other M.I.T. radar stations at 
Chatham, Nantucket, and Clinton. These reports, 
received at Lincoln Laboratory in Lexington, were 
immediately relayed to Bedford Air Base, from which 
the information was teletyped to weather bureaus 
and forecasting stations throughout the East as far 
inland as Ohio. The Air Force radar station at North 
Truro and the M.I.T. Department of Meteorology 
also kept the U.S. Weather Bureau and Logan Air- 
port fully informed on their observations of the storm. 

One of the first radar photographs taken on Friday 
at 9:05 p.m., September 10, indicated a typical high 
overcast condition. Two hours and 15 minutes later 
the outer band of rain triggered by the hurricane, 
was detected approaching the Cape Cod area. This 
band of precipitation, a heavy curtain of rain 30,000 
feet high, arrived and was photographed over South 
Truro at 1:02 a.m. on Saturday, September 11, while 
the eye of the onrushing storm was still approximately 
450 miles to the southwest and about 75 miles due 
east of Cape Hatteras. Photographs showed that this 
first band of precipitation was made up of a number 
of thunderstorm cells and was accompanied by con- 
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Radar “map” showing the heavy rainfall which occurred during Hurricane Edna, as photo- 
graphed at the Project Lincoln radar site at South Truro on Cape Cod. At the time this photo- 
graph was made, the center of the storm, indicated by arrow head, was about 125 miles distant. 


siderable lightning. This initial band was followed by 
successive violent rain squalls rotating around the 
eye of the storm in the usual counterclockwise direc- 
tion. These squalls increased in frequency and in the 
intensity of the rainfall, and by dawn Hurricane 
Edna had doubled its forward speed and was lash- 
ing northeastward at 32 miles per hour. 

By early Saturday morning observations showed 
that the hurricane was wider in area than was origi- 
nally anticipated, with strong winds extending 125 





The photograph above indicates the vertical cross section of 

Hurricane Edna and shows the bands of precipitation to the 

southwest, toward the eye of the hurricane. The technique 

which was used to obtain this photograph is believed to be a 
new one in radar meteorology. 


14 


miles on the seaward side 
and 50 miles toward the 
coast. At 10:55 A.M. on 
Saturday observations in- 
dicated that the eye of the 
storm was 150 miles and 
200 degrees southwest 
from South Truro on a 
parallel with the Naval 
Air Station at Lakehurst 
and McGuire Air Force 
Base in New Jersey. 

As the eye of the storm 
approached and_ passed 
over South Truro the radar 
cameras saw and photo- 
graphed the hurricane in 
three dimensions; the 
range, azimuth, and height 
of the precipitation bands. 
At approximately _ five 
o'clock Hurricane Edna 
had passed the tip of 
Cape Cod and the ob- 
servers, unrelieved for 32 
hours of continuous obser- 
vation and without food 
except for a pot of oat- 
meal hastily prepared on 
Saturday morning, were 
able to rest. During this 
period, at the various stations, approximately 8,000 
photographs were made. This great collection of 
unique photographs includes invaluable information 
for further studies of a tropical hurricane. 

The M.LT. meteorologists are contemplating a 
symposium to correlate data from all sources through- 
out the eastern sector of the United States. The 
studies could result in development of techniques for 
determining wind velocities and predicting courses 
of hurricanes by use of radar, they believe. 





A 32-hour vigil of radar operations, in which the Institute’s 
Department of Meteorology took an active role, surveyed the 
second of the season’s hurricanes to strike New England con- 
tinuously, until it moved northeast over Cape Cod, and out 


into the Atlantic Ocean. 
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Fresh Water from the Sea 


Serious Water Shortages Could Be Alleviated 


but Conversion Costs, by Existing Methods, Are High 


By THOMAS K. SHERWOOD 


or thousands of years man’s major concern was 

how to stay alive. With the rise of science and 

technology the problem of physical existence has 
been largely solved, so that in technologically ad- 
vanced nations the problem today is not that of con- 
tinuing to live, but how to live better. But technology's 
great contributions to the problem of physical exis- 
tence have been made in an era of plentiful natural 
resources, and mankind is faced with the grave possi- 
bility that the development of science and technology 
may not keep pace with the continued depletion of the 
natural resources with which we have been blessed. 
In the year 2500 a.p., will the race again be faced 
by the age-old problem of existence? Fairfield Os- 
born’s book**® Our Plundered Planet and the panel 
discussions of the M.I.T. Mid-Century Convocation? 
typify our natural concern regarding the future avail- 
ability of the things we have come to believe essential 
for material welfare. 

Our elementary needs are air, water, food, and 
shelter. Even today the problem of food is serious in 
many lands, for the population continues to grow 
while the use of arable land approaches a limit. 
Mineral resources are being depleted at an alarming 
rate and sources of energy from oil and fuel are 
clearly limited. The United States must now import 
many of its essential raw materials, including nickel, 
zinc, copper, and even petroleum and lumber. The 
potentially serious shortage of water, the most abun- 
dant of all substances, emphasizes the problem of 
the future. 

It is an oversimplication to determine that the avail- 
able supplies of oil, or iron ore, or some other resource, 
will last x years at the present rate of consump- 
tion. For each is available in deposits of widely vary- 
ing quality, and the richer and more accessible are 
naturally extracted first, at low cost. As depletion of 
reserves proceeds, the less desirable are processed at 
increased cost in terms of effort and investment. The 
development of water power illustrates the pattern. 
The first power sites selected are those near popula- 
tion centers and requiring the least investment. Less 
desirable sites are developed later at greater expense 
per kilowatt. Accessible high-grade iron ore is already 
approaching depletion and the poorer deposits of 
taconite and the more remote deposits of Labrador 
and Venezuela are now being exploited. Mineral de- 
posits will perhaps never be entirely depleted (there 
is iron in the ocean), but the costs of extraction con- 
tinue to rise and become prohibitive for one use after 
another. 

® Please see numbered references at end of article, page 60. 
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This is like the depletion of firewood near a much 
used campsite. The first campers break up the dead 
wood lying near at hand. In time the area becomes so 
depleted of good wood that it is necessary to carry 
large logs a considerable distance, as at the camp sites 
in some of our national parks. 

This pattern has in it an element of the vicious 
circle. The poorer the quality of the reserve, the more 
plant is needed for the processing. Much greater in- 
vestment is needed to obtain gasoline from coal or 
shale than from oil, or to obtain iron from low-grade 
ore. The result is that more of the product is used to 
produce the product, until, in the limit, all of the raw 
materials may be needed to build the processing 
plants. 

Most people have heard or read of the probable 
oil shortage, but the idea that there could be a serious 
water shortage may come to some as a shock. The com- 
mon complaint is about the excessive rainfall at in- 
convenient times, and it is obvious that we use but a 
fraction of the rain which falls in our vicinity. Why not 
scoop up some of the excess as it flows past us on its 
way to the ocean? But complaints about too much rain 
in April and brown lawns in August illustrate the 
point. The problem is one of distribution in time and 
space to have the needed water at the right place at 
the right time. 

The average rainfall in the United States is about 
30 inches, providing 28,000 gallons for each person 
each day. This would seem to be much more than 
enough. But 70 per cent of this evaporates, and one 
third of the rest disappears underground and cannot 
easily be caught. This leaves 5,600 gallons per day per 
person which we can have if we can catch it. The total 
water used averages a little more than 1,100 gallons 
per day for each person, so our efficiency in collecting 
and using the water provided by rainfall is nearly 
20 per cent. 

This seems surprisingly high when it is remem- 
bered that the rainfall varies so widely over the 
country and through the four seasons of the year. 
The utilization is poor in some parts of the North- 
west where the rainfall is 120 inches, and very high, 
indeed, in the southwestern states, where the average 
fall is less than five inches. The runoff averages some- 
what higher per person in the 17 western states than 
for the rest of the country, but the use is much higher 
in the East because of the proportionately higher 
concentration of industry. An average utilization of 
20 per cent means not only very high utilization in 
certain areas during parts of the year but, inevitably, 
frequent actual water shortages. 
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The water problem is already with us. In the first 
eight months of last year 1,031 cities and towns re- 
ported enforced curtailment of water use—over half 
of these instances being due to inadequate supply.® 
The recent experience of New York City is typical, 
with car washing banned and restaurant patrons re- 
quested not to drink water. In almost every instance, 
increased demand contributed to the shortage. Be- 
tween 1950 and 1975 the population is expected to 
increase 27 per cent, and the water demand to 
double.*° 

The situation in southern California is so serious 
that they not only bring water 300 miles from the 
Colorado River, but a plan is afoot to transport water 
the length of the state, from the Klamath River. 
Ground water is being withdrawn at the rate of 1.4 
billion gallons per day in the high plains of West 
Texas — 30 times the rate of replenishment. Ground 
water pumping in southern California has caused 
intrusion of salt water from the sea. Water-deficient 
areas are increasing in number and size. Near Chi- 
cago the subsoil water table has been lowered by 
500 feet. City after city is limiting the use of water 
for the cooling of air-conditioning equipment, or re- 
quiring its return to the subsoil. Larger and more 
expensive reservoirs are being constructed. Three 
quarters of the flow of the Missouri at Kansas City 
last October was released from the Fort Peck Reser- 
voir in Montana. Without this the river stage would 
have been but two inches above the minimum re- 
quired for city water and sanitation.® No appreciable 
increase in the country’s water supply is in sight, but 
the need increases steadily. 

There are many ways of alleviating the situation, 
but no simple solution to the problem. More large 
dams can be built to save water for dry periods. Per- 
haps cloud-seeding with dry ice or silver iodide can 
be developed to produce more rain where and when 
needed. Certain large supplies of brackish waters 
can be purified at reasonable cost. Seacoast cities, if 
necessary, can install a second set of water mains to 
carry sea water for sanitary and fire-fighting pur- 
poses. More effective re-use of water for industrial 
purposes, as by the greater use of cooling towers, can 
save large quantities of water. In this connection it 
is notable that one oil refinery in Texas re-uses water 
to the extent that its 600,000,000 gallon per day re- 
quirement involves only 40,000,000 gallons per day of 
new water.*® Since half of the available water is used 
for irrigation, there exists the possibility of more 
municipal and industrial water by reapportionment 
— at the expense of a reduction in cultivated acreage. 

Many of these conservation measures can be effec- 
tive and important, but the trend of the demand 
curve makes it clear that in the long run (say 50-200 
years) they cannot be sufficient. Why then, not get 
the needed water from the greatest of all water re- 
sources — the sea? Sea water is 96.5 per cent pure 
water, and directly available to those states in which 
more than two thirds of the people live, and in which 
a somewhat larger fraction of industry is located. 
One cubic mile of the ocean contains enough pure 
water to supply the needs of the entire nation for 
nearly eight days. Many methods of separating pure 
from salt water are known, and some have been used 
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for centuries. Sea water contains more than 800 times 
as much water, as magnesium, yet magnesium metal 
is now obtained commercially from sea water and 
sold at a profit. Why, then, should not all our water 
needs be satisfied by producing fresh water from the 
sea? 

The answer to this question is basically simple. We 
can — at a price. But the significance of the price is 
not easy to assess. In order to do this it is necessary 
to compare the probable cost with the water prices 
we are accustomed to pay. Large users of water for 
irrigation pay about one-half cent per 1,000 gallons, 
though the price may range up to $0.12. Industrial 
water prices are in the vicinity of $0.04 to $0.05 per 
1,000 gallons, and a typical price for delivered city 
water is $0.25 per 1,000 gallons. There may be com- 
munities in the Southwest which would be glad to 
have fresh water delivered at $0.50 per 1,000 gallons. 
Very little irrigation water would now be bought for 
more than $0.10 and very little city water at more 
than $0.40. At the present time, therefore, water from 
the sea would have to be produced at less than about 
$0.40 per 1,000 gallons, though this limit may be 
expected to increase as the demand for water grows 
over the years. 

In attempting to assess the possibilities of cheap 
water from the sea, we have one exceedingly valuable 
guide. This is the second law of thermodynamics, 
from which we can deduce that the minimum amount 
of power required to separate 1,000 gallons of fresh 
water from sea water is 2.8 kilowatt-hours. This 
would operate a 100-watt light bulb for 28 hours. The 
second law is one of the most reliable laws of nature 
ever discovered, and it is quite certain that the figure 
of 2.8 kilowatt-hours per 1,000 gallons will never be 
bettered by any process yet to be invented. 

It is important to understand the significance of 
this figure. It is the required work energy when 
operating an ideal process infinitely slowly, with no 
losses or inefficiencies of any kind. Every real process 
will require more than the minimum figure; we 
would be fortunate indeed if we could accomplish 
the water separation with the expenditure of twice 
the minimum, or 5.6 kilowatt-hours per 1,000 gallons. 
Even this is somewhat wishful thinking, since we 
have no process which even approaches this larger 
figure. At the low power rate of 0.5 cent per kilo- 
watt-hours, the power cost alone will then be at least 
$0.028. 

Thermodynamics suggests nothing about plant 
costs, except that they may be expected to be infinite 
if the minimum energy requirement is to be attained. 
In plant processes of the types to be discussed, the 
fixed charges usually run about twice the energy 
costs. On this basis, it appears that about the best 
that can be hoped for is a total cost of $0.084 per 
1,000 gallons of fresh water. No existing process can 
approach this figure, but what cost might reasonably 
be attained? 

In order to make an educated guess as to the possi- 
bilities of coming close to the target of $0.08 to $0.09 
per 1,000 gallons, it is necessary to consider some of 
the methods which may be employed to process sea 
water for the purpose. Science suggests many meth- 
ods, but none are very good. If methods now known 
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are to be used the problem is one for engineers rather 
than for scientists, since energy costs must be bal- 
anced against plant costs to obtain the optimum re- 
sult. Engineering skill and judgment are required, 
and there is no clean-cut or simple answer to the 
question of what the minimum practical cost may be. 
It is possible, however, to estimate with some assur- 
ance the general cost ranges for the various processes. 


V aporization 


The most familiar method of separating water from 
a salt solution is to boil it and condense the vapor on 
a cold surface (see Fig. 1). The salt does not vaporize, 
and the condensed steam is pure water. But the heat 
input amounts to 2,800 kilowatt-hours per 1,000 gal- 
lons — just one thousand times the theoretical mini- 
mum. This is certainly not very good. 

But the chemical engineers have a trick. Let the 
steam formed condense to heat a second vessel of 
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boiling sea water, and the steam formed in the second 
go to heat a third, and so on (see Fig. 2). Then in 
three vessels nearly three pounds of pure water 
would be obtained from sea water, at the expense of 
just one pound of steam fed. This is called “multiple- 
effect distillation.” Vacuum equipment is required to 
operate so that each successive vessel is at a lower 
temperature, but it is not impractical to cut the re- 
quired heat input for boiling by 75 per cent if four 
or five vessels are used in series. 

The multiple-effect trick, then, can cut the heat 
requirement to perhaps 700 kilowatt-hours per 1,000 
gallons — still a long way from the theoretical min- 
imum of 2.8. But this input is heat energy, which is 
only about one quarter as valuable as work energy, in 
terms of which the 2.8 kilowatt-hours is expressed. 
On a comparable basis, then, the 2.8 figure is to be 
compared with one quarter of 700, or 175 kilowatt- 
hours. Even so, the costs of doing the job in this way 
are prohibitive. Using present-day costs for heating 
steam, cooling water, and equipment, and taking 
annual fixed charges as 15 per cent of plant costs, 
total cost of obtaining fresh water by this method is 
something like $3.80 per thousand gallons.** 
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This is about 10 times too high to be of much inter- 
est, though the process is used in unusual situations. 
The Navy uses it on ship-board, and there are instal- 
lations of this type on the islands of Bermuda, Aruba, 
and Curacao, which also import fresh water by 
tanker. At Kuwait, in the Persian Gulf, a multiple- 
effect distillation unit is now being installed to meet 
the need of a large oil refinery for nearly 1,000,000 
gallons of water per day. Our own water shortages 
do not yet justify the cost of water by this process. 

A unique variation of the simple distillation meth- 
od? was used during World War II, primarily to fill 
the need for fresh water on submarines and for ad- 
vanced shore bases in arid lands (see Fig. 3). A 
single, simple boiler is used, heated by its own 
vapor. This is made possible by slightly compressing 
the vapor coming off the boiling sea water, so that 
it will condense at a somewhat higher temperature. 
The compressed vapor is fed into a submerged heat- 
ing coil, from which condensed fresh water is with- 
drawn. By employing suitable equipment to exchange 
heat between the feed and effluent streams, this type 
of still can operate without any heat input whatever. 
This seems like something for nothing, until it is 
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HEAT EXCHANGER 


Fig. 3. Sketch of apparatus for vapor compression distillation. 

Sea-water is boiled in a kettle at reduced pressure. The vapor 

formed is mechanically compressed to a slightly higher pres- 

sure and temperature, and is then condensed to provide heat 

needed for boiling. Power is required to operate the compres- 
sor, but no net heat input is needed. 


remembered that the vapor has to be compressed, 
requiring a power supply. 

During the war stills of this type were built in such 
number as to fulfill the daily water needs of nearly 
1,000,000 men, and the practicality of the device is 
well proven. The power requirement of present vapor 
compression stills is roughly 70 kilowatt-hours per 
1,000 gallons of fresh water, and the input is the 
valuable work-energy, not heat. This is better than 
multiple effect distillation, though still far from the 
theoretical minimum of 2.8. The equipment is rela- 
tively expensive, and the total cost of water by this 
process, with power at 0.5 cent per kilowatt-hours 
and fixed charges at 15 per cent, is of the order of 
$1.70 per 1,000 gallons.’* Here in the continental 
United States we are not yet that thirsty! It may be 
noted, however, that this process appears to be sub- 
ject to considerable improvement, and it may be 
possible to bring the cost down to somewhere in 
the vicinity of $1.00 per 1,000 gallons. 

When distillation is employed it is the usual prac- 
tice to vaporize only part of the water and to discard 
a concentrated brine. Could not the evaporation be 
carried further so as to recover the magnesium and 
other valuable chemicals known to be present in the 
sea water? Again the answer is yes — at a price. 

The present market value of the chemicals is more 
than $3.00 per 1,000 gallons — more than the cost of 
obtaining water by vapor compression distillation. 
(Gold would be one of the by-products, but its value 
would be only one one-hundredth of a cent per 1,000 
gallons.) But the process costs for the water would 
go up sharply if the mixed salts were to be separated, 
and the costs of purifying and selling the chemicals 
would be enormous. Common salt, bromine, mag- 
nesium chloride, magnesium hydroxide, and gypsum 
are now obtained commercially from sea water, but 
without the simultaneous separation of pure water. 
If both water and salts were to be separated, the job 
would be considerably more difficult. The average 
per capita water requirement corresponds to more 
than 50 tons of by-product salts per year, and no 
possible use for such quantities of these chemicals is 
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apparent, even if they were free. It seems unlikely 
that the recovery and sale of by-product chemicals 
will help the fresh-water cost picture except in spe- 
cia] situations. 


Solar Distillation 


Since distillation is expensive in terms of energy 
required, solar energy would appear to be just the 
thing. The less rain the more sun and, therefore, the 
more water. Low-temperature heat is adequate for 
the purpose, and solar energy lands on large areas of 
the United States with sufficient intensity to evapo- 
rate an average of a little more than one pound of 
water every day for each square foot. 

This process has been tested on something more 
than a pilot-plant scale, for it is nature’s process of 
evaporation from the oceans to produce fresh rain 
water. Man has produced crude salt by solar evapo- 
ration of sea water since time immemorial. Even 
today salt is produced in this way in many parts of 
the world, and a company operating at the Dead Sea 
is so scientific that they add a small amount of green 
dye to the water to increase the utilization of solar 
energy in the shallow beds in which the water is 
exposed. Eighty years ago a mining company in 
Chile installed a solar distillation unit which pro- 
duced 5,000 gallons of fresh water per day for their 
mules. An area of 51,000 square feet was covered 
with sloping glass panels over shallow water reser- 
voirs. The sunlight passing through the glass vapor- 
ized water from the pools underneath and the vapor 
formed condensed on the under surface of the glass. 
The condensate drained down the sloping glass and 
was collected in a system of gutters. The glass break- 
age was high, but water was at a great premium and 
the unit operated for many years until a railroad was 
completed and fresh water could be transported to 
the mine. 

Modern solar distillation units are of essentially 
the same design as the Chilean installation, but better 
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Fig. 4. Apparatus for simple solar still. Solar energy passes 

through the glass or plastic cover, vaporizing water from salt 

solution in insulated pan. The vapor condenses on under side 
of cover and fresh water collects in gutter. 
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viass and insulation are used and the efficiency of 
solar energy utilization is higher (see Fig. 4). A 
unique variation of the sloping glass-plate design 
was developed by Maria Telkes at M.LT. during 
World War II. This was a small inflatable plastic 
balloon used on life rafts to produce drinking water 
at sea. Weighing about one pound, this device could 
be folded into a package of 60 cubic inches, but in 
use was inflated and floated on a towline attached to 
the raft. This ingenious still utilized about 60 per 
cent of the incident solar energy for the production 
of potable water. 

Solar distillation is perhaps the simplest of all 
methods of producing fresh water from the sea, but 
like so many of the other workable methods, it is not 
cheap. No fuel is used, and the only power is for 
the distribution and collection of the water streams. 
But the first cost of the solar-energy collectors is high 
in proportion to the rate of water production. Glass- 
plate collectors are estimated to cost at least $1.00 
per square foot, although new designs intended for 
mass production might cut this considerably. Then 
there is the sea water piping and the fresh water 
collection system. As a very approximate estimate, 
suppose the entire costs were to be taken as equal 
to the fixed charges at 15 per cent per year on col- 
lectors which cost $1.00 per square foot. Then if the 
average production were 1.2 pounds fresh water per 
day from each square foot, the fresh water cost would 
be $2.85 per 1,000 gallons. This is prohibitive at the 
present time. 

Either the collectors cost too much or the intensity 
of the solar radiation is too weak. To produce all of 
the water the country uses for all purposes other than 
irrigation, the needed collectors would cover an area 
equal to that of Massachusetts, Connecticut, and New 
Mexico. Put another way, the water produced by 
solar stills is sufficient to irrigate land of about the 
same area as covered by the stills. 

These figures tend to put solar energy collectors 
in a much worse light than is warranted. The collec- 
tors themselves are remarkably cheap and _ their 
efficiency in the collection of solar energy (50-70 per 
cent) is high. The basic difficulty is the very low 
efficiency in the subsequent utilization of the energy 
to separate water and salt. The thermodynamic 
efficiency is well under 1 per cent for simple distilla- 
tion. If this could be raised to 10 per cent, solar stills 
would be widely used. 


Freezing 


Another trick of nature to produce fresh water 
from sea water is to freeze it. Freshly formed sea ice 
has a great deal of concentrated salt water trapped 
in the cracks between the tiny ice crystals, and the 
melted ice is not potable. It is true that old polar ice 
is nearly free of salt, but we can’t very well afford to 
store large quantities of ice a year or more while it 
purifies itself. German and Italian experiments have 
shown that ice frozen slowly from agitated sea water 
can be centrifuged and washed to yield ice which 
when melted will give satisfactory drinking water. 
Perhaps the discovery of some simple chemical addi- 
tive may obviate the salt-inclusion problem. 
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The heat energy which must be removed in order 
to freeze water amounts to only about one seventh 
of the heat input needed to boil water. But a refrig- 
erator must be used to “pump up” this heat to the 
temperature of available cooling water, which might 
be the sea itself. Still better, since the ice formed 
must later be melted, the heat could be delivered to 
the ice at 32 degrees F., and the power to operate 
the refrigerator would then be very much reduced. 
The melting ice can accept only part of the heat to 
be dissipated, so a second refrigerator would be 
needed to deliver the rest of the heat to the sea. 
Ellis* estimates the theoretical power requirement of 
this ingenious cycle as 26 kilowatt-hours per 1,000 
gallons, and it may be guessed that the actual power 
would be in the vicinity of 50 kilowatt-hours per 
1,000 gallons. The equipment is of a moderately ex- 
pensive type, so the fixed charges could be expected 
to be at least twice the power cost. With power at 
0.5 cent per kilowatt-hours the total cost would then 
be $0.75, per 1,000 gallons. This is probably low 
(Aultman’s estimate’ is $1.25 or more) since there 
are many unknown problems in freezing and wash- 
ing the ice to minimize occluded salt, but it would 
appear that the process might possibly be developed 
to become competitive with vapor-compression dis- 
tillation. 


Chemical Methods 


All of the methods of sea water purification dis- 
cussed so far require the separation of the water from 
the salt solution, and the trouble and expense is pro- 
portional to the amount of water removed. But the 
salt amounts to only one twenty-eighth the weight of 
the water, so it would appear more reasonable to 
separate out the salt rather than the water. There 
are many ways of doing this, most of them involving 
the use of chemicals. 

Straight precipitation without re-use of the chemi- 
cals is easily seen to be extremely expensive. Sup- 
pose, for example, that the chemicals added cost only 
$0.10 per pound, and that the amounts needed were 
equivalent to the weight of the salts. Then $30 worth 
of chemicals would be needed to remove the 300 
pounds of salt present in 1,000 gallons of sea water. 

The new ion-exchange resins will remove salts 
from sea water and can be regenerated for re-use. 
One type of resin will remove the cations — the 
sodium, magnesium, and other metals — replacing 
these with hydrogen ion to form an acid effluent. 
This solution is then passed over a second resin to 
remove the anions — the chloride and sulfate ions of 
the original salts. The water is not only purified but 
new fresh water is manufactured in the process. But 
if the expensive resins are then to be used again they 
must be regenerated with purchased chemicals — 
acids and bases — and the result is about the same 
as in the case of direct precipitation. The chemicals 
used are relatively cheap, but must be used in large 
quantities. Furthermore, some of the pure water 
made is used to wash the resin bed, so the total cost 
of the fresh water is something like $20 per 1,000 
gallons — $17 for the chemicals, plus the process 
costs. Direct power is used only for pumping, but 
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the power required to manufacture the needed 
chemicals is estimated at 200 kilowatt-hours per 1,000 
gallons of fresh water.® 

The use of an organic liquid solvent to extract the 
salt seems to offer still less promise. The salts must 
have a greater affinity for the solvent than for water 
if this scheme is to work. If this is the case, then it 
would seem to be even more difficult to separate the 
salts from the solvent than from sea water. The sol- 
vent would have to be recovered and used again if 
the process were to be economical. 


Electrolytic Methods 


Salts exist in a water solution in the form of 
electrically charged fragments, or ions, which can be 
persuaded to move out of the solution by application 
of an electrical potential. The ion fragments of com- 
mon salt, for example, are deposited as sodium at 
one electrode and chlorine at the other. The sodium 
reacts with water to produce sodium hydroxide and 
hydrogen, and the chloride ion reacts with water at 
the other electrode to produce hydrochloric acid and 
either oxygen or chlorine gas. By employing suit- 
able porous diaphragms it is possible to separate the 
purified water from the caustic and acid produced 
simultaneously. The lecture-table experiment demon- 
strating electrolysis is familiar to every college fresh- 
man. 

Each ion separated in this way requires a definite 
amount of electricity, which for sea water amounts 
to some 500,000,000 coulombs per 1,000 gallons fresh 
water. The voltage required is about 1.2 volts, so the 
power is of the order of 170 kilowatt-hours per 1,000 
gallons. Even though the by-product hydrogen and 
oxygen would have value, at least as fuel, the direct 
electrolysis process is evidently not competitive with 
other separation methods. 

In theory, it should be possible to recover much of 
the power expended by allowing the hydrogen to 
recombine with the oxygen or chlorine in such a way 
as to produce electrical energy. Such a “fuel cell” has 
long been a dream of scientists, but has never been 
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made practical. Alternatively, one of the electrodes 


employed might be silver and the other silver 


chloride: the sodium deposited on the silver chloride 
would reform common salt, and the chlorine de- 
posited on the silver would form silver chloride. As 
electrolysis proceeded the silver and silver chloride 
would change places. The result would be the same 
as selling the hydrogen and oxygen, but the saving 
would show up in the form of a voltage reduction 
from 1.2 to about 0.5 volts. This scheme, which has 
never been developed to the point of practical appli- 
cation, would involve something like 70 kilowatt- 
hours per 1,000 gallons,* and the total cost, even with 
power at 0.5 cent per kilowatt-hour, could be ex- 
pected to be $1.50 or more per 1,000 gallons of good 
water. 

Like the chemical methods of separation, elec- 
trolysis has the merit of working on the salt content 
instead of the larger water content of the sea water. 
The cost is high because the separation is too com- 
plete: the salt ions are not only moved out of the 
solutions but their charges are neutralized with ex- 
pensive electricity. The recent development of ion 
exchange resin sheets permeable to only one of the 
two kinds of ions provides a way of avoiding the 
costly neutralization of the ions by using electric 
power only for the separation process itself. 

The basis of this new process is the development 
of porous plastic sheets consisting of resin molecules 
charged either positively or negatively. These sheets 
contain a great deal of water, and the negatively 
charged sheets permit the passage of the sodium, 
magnesium, and other positive ion fragments of the 
sea-water salts, while preventing the passage of most 
of the negative ions. Similar positively charged sheets 
permit the passage of the negative ions — chloride 
and sulfate — and prevent the passage of metal ions. 
A relatively small applied voltage persuades the salt 
ions to pass through these sheets, along with a very 
little water. 

One scheme is to arrange alternate membrane 
sheets of the two kinds of material so as to enclose 

(Continued on page 54) 
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The Process of Aging 


As We Become a Nation of Older People 


There Is Increasing Need to Learn 


How to Grow Old Gracefully 


By JAMES A. TOBEY 


NE of the seemingly inevitable features of life 

is that strange interlude known as senescence, 

the process of aging which culminates, sooner 
or later, in death. Why do we grow old, when and 
how do we grow old? What, if anything, can be done 
to retard, reverse, or alleviate this languishing con- 
dition of life? Is it really inevitable? 

Unfortunately, no one can achieve immortality by 
giving precise, complete, or even very satisfactory 
answers to all of these vital questions. Much progress 
has been made in recent years in the new science of 
gerontology, and much has been written on the sub- 
ject,* but actually we know very little about the 
details of the process of human aging. We do know, 
however, that it is not a pathological process but a 
physiological one, like childhood, which senescence 
resembles superficially. We know, too, that certain 
endogenous and exogenous conditions may acceler- 
ate or retard the process of aging. To date, no one 
has discovered how to prevent it. 

The process of aging in man has been said, some- 
what rashly, to begin at the time of his conception. 
This may be true of calendar age, but it is certainly 
not true of physiological age. It has also been as- 
serted that human aging commences at birth, because 
even then certain cells of the body, in the ovaries 
and kidneys for example, go through a process of in- 
volution, or degeneration. This would seem, however, 
to be a rather farfetched definition of aging. Finally, 
it has been stated that, “the period of youth is the 
period of most rapid decline.” This would seem to be 
unjustified pessimism. 

Considering the human organism as the entity 
which it is, and accepting the definition of aging as 
the process of progressive unfavorable changes in the 
human machine, aging in the practical sense in the 
normal individual does not begin or become manifest 
until about the fourth decade of life. The first 20 
years or so of human existence are devoted to growth 
and development, after which there ensues another 
20 years of maturity and the prime of life. All during 
these periods involution and aging of various cells 
may and does occur, but after the age of 40 the 
process is accelerated in the average person and be- 
gins to affect organs and systems as well as cells. 
There is, of course, a tremendous variation in indi- 


* See, for example, the book of 1061 pages: Problems of 
Ageing: Biological and Medical Aspects. Edited by Albert I. 
Lansing, 3d edition (Baltimore: Williams and Wilkins Com- 
pany, 1952). 
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vidual capacity for aging, due to heredity, the en- 
vironment, and other factors. 

From the age of about 50, however, the normal 
person invariably suffers a gradual diminution in 
mental and physical capacity. He may be reluctant 
to admit it, but he is slowing up. Among the obvious 
changes are the loss, or graying, of the hair; a less 
acute vision, particularly for dark adaption; possible 
impairment of hearing; loss of some or all of the 
teeth; reduction in the ability to perform fatiguing, 
muscular work; sometimes a lessened efficiency of the 
digestive system; an increase in blood pressure; a 
general decline in the basal metabolism; kidney 
troubles, and in men, prostate troubles; and less abil- 
ity to cope with certain types of disease. By this 
time women have had the climacteric and have 
ceased to become fertile, and in men there is often 
diminished sexual potency. 

As time marches on, as it does so inexorably, memo- 
ries become less acute; the fine edge of judgment is 
dulled; the skin becomes sallow, wrinkled, and sag- 
ging; the bones are brittle and break easily; the gait 
becomes less vigorous and more shuffling; the posture 
is stooped and the body more or less shriveled; 
there is often an increase in the hardening of the 
arteries; the kidneys are much less efficient; bronchial 
troubles are more widespread; there is greater sus- 
ceptibility to heat and cold; and the body is more 
prone to certain maladies. Finally, the individual 
exemplifies Shakespeare’s description of Falstaff in 
the Merry Wives of Windsor, “old, cold, withered, 
and of intolerable entrails.” 

This is the common picture of the later decades of 
human life, but it does not apply to everyone. Occa- 
sionally we see children of 10 or 12 years of age who 
are prematurely old, suffering from the condition 
known as progeria, due to disturbances in the endo- 
crine glands. Some persons are obviously old at 40 or 
50, while others retain the characteristics of youth at 
60 or even 70. Chronological age and physiological 
age are, in fact, two quite different matters, a propo- 
sition which has been consistently overlooked by those 
who set arbitrary and abrupt retirement at certain 
fixed ages, such as 60 or 65. 

One of the most notable examples of an individual 
who was able to add life to his years and grow old 
gracefully was the late Charles W. Eliot, sometime 
professor of chemistry at M.I.T., who served as presi- 
dent of Harvard University for 40 years and as presi- 
dent-emeritus for another 17. More than a quarter of 
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a century ago, in 1925, I went to see him at his home 
in Cambridge, Mass. Arriving a little early, 1 awaited 
him in a small reception room at the head of the 
stairs. In a few minutes Dr. Eliot came in, bounded 
up the stairs like a youngster, greeted me by name, 
and sat down and discussed our business in a rational 
and highly instructive manner, and later wrote me a 
helpful letter about it. He was then 91 years of age, 
but assuredly his physiological age was many years 
less. He died about a year later at his summer home. 

Another outstanding example of physiological 
youth in old age was that other eminent Yankee from 
Boston, Justice Oliver Wendell Holmes, who was 
active and useful on the bench of the Supreme Court 
of the United States beyond his 90th year. It will be 
recalled that Justice Holmes’s father, the poet and 
physician, who died in 1894 at the age of 85, once 
wrote a colorful poem about “the wonderful one-hoss 
shay,” a remarkable contraption which never wore 
out during long years of service, but finally disinte- 
grated all at once. If the human body could be 
protected against infections, accidents, poisons, mal- 
nutrition, and other hazards throughout its normal 
span of life, it too might ultimately collapse merely 
from old age, somewhere in the vicinity of 100 years. 
Most scientists believe, however, that natural death 
due to old age never occurs. Every human death 
must be attributed to an accidental cause, such as 
heart disease, pneumonia, or some other exigency. 

As a matter of fact, the human body does not wear 
out in a uniform manner, so that all organs degen- 
erate at the same rate. Some cells, organs, and sys- 
tems age faster and more completely than others, 
although again there is variation in individuals. At 
one time it was thought that aging of the cells was 
caused by their poisoning or intoxication, but this 
theory is not now accepted. Actually, some of the 
billions of different kinds of cells in the human body 
never age at all, while others age and die while the 
body lives, and still others merely age. Some cells 
may even survive the death of the individual by as 
much as 120 hours after that event, but in the end, 
“shall the dust return to the earth as it was.”+ 

It is, of course, extremely difficult to study the 
aging process in living body cells, except the red 
blood cells, but use of radioactive tracer substances, 
human autopsy examinations, and experiments with 
laboratory animals have revealed certain changes 
during senescence. Among these senile changes are: 
a gradual retardation in the rate of cell division and 
a slowing up in the capacity of cell growth and tissue 
repair; a gradual diminution in the rate of tissue oxi- 
dation; cellular atrophy and degeneration, and in- 
crease in pigmentation and fatty infiltration of the 
cells; gradual decrease in elasticity of tissue and de- 
generative changes in connective tissue; decreased 
speed, strength, and endurance of skeletal neuromus- 
cular reactions; and decreased strength of skeletal 
muscle. 

Authorities seem agreed that the process of aging 
can be hastened or deferred by episodes and experi- 
ences in the earlier years of life. Repeated insults to 
the human machine, such as infections, severe aller- 
gies, injuries, strains, accidents, poisons, alcoholism, 
drug addiction, chronic malnutrition, obesity, shock, 
t Ecclesiastes 12:7 ; 
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and continuous emotional turbulence, certainly 
cause changes in the body cells which are conducive 
to senescence. An occasional infection or injury does 
not cause permanent harm, because the body has re- 
markable powers of regeneration, but frequent bouts 
of disease, chronic afflictions, organic maladies, and 
persistent mental stress all produce an unnatural wear 
and tear on the body which tends to accelerate the 
aging process. Rehabilitation during youth is, there- 
fore, of great significance to healthful longevity. 

Postponement of the aging process seems to depend 
in the first instance upon heredity, since some genes, 
derived from a long line of ancestors, seem to favor 
longevity and a longer prime of life. Heredity, how- 
ever, is modified by the environment, both the external 
and the internal. Recent provocative experiments 
indicate that aging can be deferred by slowing down 
the process of growth during youth, while other inves- 
tigations have demonstrated that optimum nutrition 
throughout life will definitely prolong life and extend 
the prime of life. The only trouble with these inter- 
esting tests is the fact that they have been conducted 
on white rats, and not upon man himself. Now, a rat 
is not a man and is not likely to become one, although 
the reverse is sometimes true, and there may be some 
doubt as to whether these results can be translated 
precisely into human terms, despite the fact that rats 
have much the same nutritional requirements as 
humans. There is no doubt, however, that good nutri- 
tion is one of a number of very important factors in 
human health and longevity. 

About three centuries ago a celebrated English 
physician, Dr. Thomas Sydenham, was responsible for 
the adage that, “A man is as old as his arteries.” It is 
certainly true that diseases of the arteries then caused, 
and now cause, much disability and are the leading 
cause of death in this country today, but Dr. Syden- 
ham’s maxim no longer is accepted as valid. Arterio- 
sclerosis, or hardening of the arteries, is a lesion which 
can be found to some degree in nearly all persons over 
20 years of age, although in most instances it is not a 
serious condition. In the later decades of life this mal- 
ady may become more severe, resulting in hy- 
pertension and stress on the heart. 

In arteriosclerosis and its precursor, atherosclerosis, 
there is a deposition of lipid, or fatlike, material in the 
lining of the inner wall of the aorta and other major 
arteries, which constricts the volume and thus increases 
the rate of flow of the blood. In the later stages of this 


ailment there is degeneration and necrosis (death) of 


the tissue of the artery, with deposition of calcium in 
combination with other substances. The fatty plaque 
which initiates or accompanies arteriosclerosis is due 
to large molecules of a substance known as choles- 
terol, which is synthesized in the body and is carried 
in the blood stream. Whether the high serum choles- 
terol which is always found in arteriosclerosis, and 
also in certain other diseases such as diabetes and 
nephrosis, is a cause or an effect has not yet been 
accurately determined. Some foods, such as eggs, are 
high in cholesterol, but the evidence does not yet 
justify their interdiction in the diet. 

Afflictions of the heart and arteries often can be 
avoided, according to Dr. Paul D. White of Boston, 

(Concluded on page 62) 
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Aeronautical Technology in the U.S.S.R. 


There Is Sufficient Reason to Assume That Any 


Aeronautical Gap Which Once Existed between the 


U.S.S.R. and the Western Powers Is All but Closed 


By J. W. RIZIKA 


ZARIST Russia had some brilliant pioneers in aero- 

dynamics and aircraft design. Nevertheless, her 

aviation industry was little developed, and most 
of the flying machines were either imported or manu- 
factured at home under foreign license. In 1914, it had 
been commonly believed that Russia was second only 
to France in military air power. However, the first few 
months of World War I demonstrated that there were 
relatively few aircraft fit for active service and that 
the Russian air power lagged pitifully behind that of 
the Germans. 

The lack of production of Russian-designed air- 
planes, the insufficiency of manufacturing facilities, 
and the strain on the few existing Russian roads and 
rails in feeding and supplying the nation’s armies 
made the supply of both additional aircraft and re- 
placement parts increasingly difficult, and caused a 
deterioration of the Russian air power as the years 
progressed. Industrial production (of aircraft) had 
almost ceased to exist by 1919. By the end of the 
Bolshevik Revolution, Soviet Russia not only lacked 
production facilities but was also devoid of the ma- 
jority of its technicians, mechanics, engineers, and 
scientists. 

Lenin, influenced by A. N. Tupolev and N. E. Zhu- 
kovski,'® was soon convinced of the importance of 
the aviation industry to the Soviet Union. In 1918, 
even before the internal hostilities had subsided, 
Tupolev and Zhukovski founded the ZAGI (Central 
Aerodynamics and Hydrodynamics Research Insti- 
tute). At the time of its inception, the ZAGI was re- 
sponsible for all Soviet aeronautical research, develop- 
ment, and design, construction of aircraft, and the 
training of future aeronautical personnel. Professor 
Zhukovski spent most of his time with the problems 
of establishing a school, the Zhukovski Air Academy, 
and educating technicians, mechanics, and engineers. 
At the same time, Tupolev was forced to divide his 
time between the Zhukovski Air Academy and the 
building of aircraft. These two men, primarily the 
latter, came to be recognized as the fathers of aero- 
nautics in the Soviet Union. 

In 1922, Tupolev built a small-engined monoplane 
primarily constructed of wood, the ANT-1; at the 
same time, tests were carried out on a large twin- 
engined triplane, designed in 1920 and known as the 
Komta. It is believed that these airplanes represented 
the beginning of aircraft design under the Soviets. 

During the early period of Soviet aeronautical de- 
velopment, it was imperative that the Soviet Union 
° Please see numbered addenda at end of article, page 26. 


import equipment, technical knowledge, and person- 
nel from abroad. It was at this time (1922) that Hugo 
Junkers, as well as many other German advisers and 
technical personnel, came to the Soviet Union to build 
the first modern aircraft plant, the Fili plant near 
Moscow. These German advisers had a marked effect 
on the early Soviet aero designs* — even today, the 
Junker influence can be noted in many of Tupolev’s 
high-speed bomber craft. 

By 1926, the responsibilities of the ZAGI had been 
decreased in extent and expanded in intensiveness. 
Though it no longer was responsible for the construc- 
tion of aircraft, the ZAGI had become the central de- 
partment for all the Soviet aeronautical research and 
development and, by 1926, it had become one of the 
largest technical aircraft establishments in the world. 
At this time, its equipment included three wind tun- 
nels, one compressed air tunnel, a water tank 560 
meters (about 1,800 feet or one third of a mile) long, 
three propeller test stands, two engine test cells, and 
various other accessory equipment. 

By the end of the first Five-Year Plan (1932), the 
ZAGI shared its technical responsibilities with two 
other organizations: The ZAIM (Motor Research In- 
stitute), founded in 1930, was in charge of all aero- 
engine development work; and the VIAM (Materials 
Research Institute), founded in 1932, conducted and 
directed all the research and development work con- 
cerning materials and their properties. 

It should be pointed out that the initial Soviet de- 
velopments were concerned with strategic, as well as 


This is the much discussed MiG-15 for which the U. S. Gov- 

ernment paid $100,000 in the fall of 1953. The instruments 

are said to be copies of U. S., British, and German equipment, 

and the gun sight is reportedly a direct copy of one designed by 
the Sperry Gyroscope Company. 
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tactical, aircraft. The Soviets well recognized the im- 
portance of a strategic air arm. The industrial and pro- 
ductive limitations, however, forced the Soviet policy 
makers into making a choice between the two types 
of air forces. As a result, emphasis was placed on the 
tactical air units — that is, units that could be utilized 
as an aid to the ground forces. Similarly, in order to 
build an appreciable defensive air force quickly, qual- 
ity had to be sacrificed for quantity. Thus, foreign 
prototypes played an important role in the early de- 
velopment and production. Almost all of the aero- 
engines used in the Soviet flying machines were ot 
foreign designs; some of these were imported and 
many were produced under foreign license by the 
Soviet factories. The two outstanding Soviet aircraft 
designers of this period were Tupolev and K. A. Kal- 
inin, the latter specializing in the design of commer- 
cial airplanes. Other notable early Soviet designers 
included O. K. Antonov, D. P. Grigorovitch, E. E. 
Groppius, W. O. Pisarenko, A. Poutiloff, and V. Shav- 
rov. Yakolev was just beginning his career with the 
design of a two-place, sport monoplane. 


Effect of the Purge Trials 


The purge trials of the late 1930's had a drastically 
impressive effect on many of the leading Soviet aero- 
nautical personnel. Aside from the extermination of 
many top military advisers, this purge left the Soviet 
Union with almost no leading aircraft designers. 
Kalinin, as well as many of his students, was executed. 
Because he stood up to defend the character of his 
students who were on trial, Tupolev was exiled from 
1939 until 1942, when he later reappeared to design 
the Tu-2, a twin-engined attack-bomber. The absence 
of the established leaders of Soviet aircraft design 
was soon replaced by co-operative groups of younger 
and lesser-known men. Committees were formed to 
design many of the airplanes during this period; one 
of the outstanding committees was composed of La- 
vochkin,* Gorbunov, and Gudkov, which operated 
together from 1938 to 1943 and was responsible for 
the design of the LaGG* series of aircraft. Similarly, 
Mikoyan® and Gurevich® combined, and, in 1940, their 
first product, the MiG-1 (called the Russian Spitfire) 
appeared. Several modifications of this airplane were 
later built and, by the end of World War II, this team 
had designed a relatively large portion of the Soviet 
fighter airplanes. 

The period following the purge trials also provided 
the opportunity for many of the younger designers 
to demonstrate their individual abilities. Ilyushin’ 
gained prominence in the rapid design of the II-2. 
This machine, a two-seated assault bomber, was a 
model in simplicity and, at the same time, was ex- 
tremely heavily armored; it represented the Soviet 
response to the German panzer divisions during the 
early part of the war. Yakolev’s® earlier successes 
with sport airplanes brought him quick recognition 
after the purge trials and, from 1940 to 1943, he 
designed eight airplanes — fighters, attack-bombers, 
transports, and trainers. During the war, German 
bombardments caused the destruction of Lavochkin’s 
plant and the LaGG team soon broke up. Lavochkin 
then took the nucleus of his staff beyond the Urals; it 
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was not long before he had designed, and his plant 
was producing from native materials, the La-5, a low- 
winged, single-seated fighter. 


Exterior Aid during the War Years 


During the war years, from 1941 to 1945, the Soviets 
received numerous forms of aid from the other allied 
nations. Technical and tactical aid from American and 
British advisory committees helped the Soviets to 
modernize their air forces. It took the Soviets just a 
little more than a year to copy and produce the first 
B-29 Superfort, after some B-29’s had to make a 
forced landing in Siberia.’ Innumerable Soviet tech- 
nicians, production experts, and administrative groups 
came to the United States to examine and study the 
technical and productive techniques in this country. 

It cannot be denied that, technically, great advance- 
ments were made by the Soviets over the war years. 
However, though the advancements were great, the 
Soviet Union finished the war about five years behind 
the Americans, British, and Germans; the Soviets had 
not developed radar, radio-controlled flying bombs, 
nor jet-propelled airplanes. 


Postwar German Acquisitions 

Even before the war had ended, the Soviets had 
begun to take advantage of captured German facili- 
ties and equipment. By the time the war was over, 
they were well on the way toward appropriating Ger- 
man developments, designs, and research data, as 
well as German technical personnel and scientists, 
and more than two thirds of the German aircraft pro- 
duction facilities.‘° Actually, these plants represent 
only a small portion of the aeronautical acquisitions 
that were obtained by the Russians from the Germans. 
Under the exchange of information agreements, 
which were in existence immediately after the war, 
the Soviets received documented reports of all the 
German research and development projects from the 
Western Allies; the Soviets also received verbatim 
reports of the interrogations of German scientists and 
engineers. The latter reports included most of the 
recommendations for further advanced developments 
in aircraft, rockets, and missiles. 

Aircraft: At the end of the war, numerous aircraft 
and prototypes were obtained from the Germans. By 
1944, the Heinkel-162 had been developed: this air- 
plane was a low-cost jet fighter, equipped with a 
BMW-003 turbojet of 1,760 pounds thrust, and was 
capable of speeds up to 520 miles per hour. Early in 
the war, Messerschmitt and Lippisch designed the 
Messerschmitt-163, a rocket-powered tailless inter- 
ceptor; this craft was officially clocked at 665 miles 
per hour in 1942. The Messerschmitt-262, a twin-jet 
fighter, was put into quantity production at the end 
of 1943. With a standard engine, this craft had a speed 
of 540 miles per hour, and a special version, with a 
more powerful engine, flew over 620 miles per hour, 
by the end of the war. The Messerschmitt-P-1101, a 
swept-wing jet fighter, was in a partially completed 
prototype stage at the end of the war; however, the 
calculated maximum speed approximated 610 miles 
per hour at 23,000 feet altitude. Such airplanes pro- 
vided the Soviets with the most advanced designs in 
jet and rocket-powered fighters. Similarly, such craft 
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as the Heinkel-111Z (a five-engined aircraft for heavy 
load-carrying gliders) and the Messerschmitt-264 (a 
four-engined, long-range bomber, capable of carrying 
bomb loads of 13,000 to 17,500 pounds) presented a 
basis for large transport and intercontinental bomber 
designs. 

Power Plants: Before the war, most of the Soviet 
piston engines could be traced directly to modifica- 
tions of the earlier American, British, German, and 
French engines. The Russians emerged from the war, 
however, with little hope of future aid from Great 
Britain and the United States. Such aid was quickly 
replaced with the acquisition of two German turbojet 
engines — the BMW-003-A2 of 1,760 pounds thrust 
and the Junkers Jumo-004-B4 of 1,980 pounds thrust. 
At the war’s end, the Germans also had projects under 
way for two more powerful jet engines which incor- 
porated additional improvements, such as water in- 
jection, afterburning, additional injection of fuel into 
the turbine, and the use of an auxiliary liquid fuel 
rocketjet. These projects were continued by the Sovi- 
ets and, by 1950, yielded the Soviet M-O018 and the 
M-012, with take-off static thrusts of 7,700 pounds and 
6,600 pounds, respectively. Eventually, in 1947, the 
Soviets also obtained 30 Derwent-5 (3,500 pounds 
thrust) and 25 Nene (4,500 pounds thrust) jet engines 
from Great Britain. The latter engine, designated as 
the M-45, has been subject to considerable develop- 
ment and, by 1951, was reported to have obtained 
from 5,500 to 6,000 pounds thrust via water injection 
and afterburning. 

Missiles: The guided missile projects that were ob- 
tained from the Germans by the Soviets included con- 
siderable equipment and plans for almost every missile 
that had been produced or was in the process of being 
developed. Two separate establishments were in exist- 
ence at Peenemunde: one for the Air Force and one 
for the Army. Peenemunde West contained an airfield 
for testing rocket aircraft and pilotless rocket-pro- 
pelled missiles. Peenemunde East was primarily con- 
cerned with component developments, such as rocket 
engines and control devices. From Peenemunde, the 
Soviets obtained all of the technical data concerning 
the existing development of the bifuel rockets. Simi- 
larly, both complete plans and examples of such 
antiaircraft rockets as the Wasserfell, Rheintochter, 
Enzian, and Schmetterling were obtained from Peene- 
munde. It is sufficient to state, perhaps, that the 
Soviets acquired data concerning all of the German 
projects from the smallest flying bomb to the Sanger 
Project for a satellite vehicle. What is even more im- 
portant is the fact that the Soviets obtained many of 
the German research and development centers almost 
completely intact; it was only a matter of months be- 
fore these centers had been reactivated to continue 
their work, usually with the same German personnel, 
under the Soviets. 

Technical Man Power: When the Soviets entered 
Germany and took over the operation of their aero 
nautical research and development facilities, they 
enticed many of the top German technicians, engi- 
neers, and scientists to continue their work under the 
Russians. Some remained in Germany and others were 
sent to the Soviet Union, but, in general, they con- 
tinued to work on the same projects that they had 
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American Aviation Public ations 
Modern Aircraft developed in the U.S.S.R. since World War 
Il. (Top) The La-17 is a swept-back wing fighter resembling 
the MiG-15. (Center) The Tu-75 was one of the Soviet’s early 
answers to long-range bombing power. (Bottom) The I/-28-2 
is a swept-back wing version of the II-28 tactical bomber. 
been working on at the end of the war. When Profes- 
sor Bock decided to continue his work under the Sovi- 
ets, he recruited most of his Peenemunde staff to 
continue as well. Dr. Baade, who was the chief engi- 
neer for Junkers, similarly recruited a large portion of 
his staff to continue working under the Soviet regime. 
These are only two examples of what happened in 
many of the Soviet occupied German plants and re- 
search and development centers. 
Present Soviet Technological Status 

It is needless to point out that the Soviet acquisi- 
tions from the Germans had a profound effect in 
narrowing the technological and productive gaps 
(which existed at the end of World War IL) between 
the United States and Great Britain, on one hand, and 
the Soviet Union. Throughout the war years, the allied 
nations concentrated primarily on the production of 
aircraft rather than on research, development, and 
new aeronautical designs. The Germans, on the other 
hand, placed a great emphasis on new designs, re- 
search, and development work — sometimes carrying 
out schemes bordering on phantasm. Perhaps it was 
a quirk of fate that caused most of the German work 
to fall into Soviet hands; nevertheless, the fact remains 
that such was the case. In any event, the gap in the 
technological accomplishments between the Soviet 
Union and the Western nations was greatly reduced. 
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The Soviets, who have long been experimenting 
with rockets, have reaped untold profits from the 
Peenemunde Research Center. The La-17, a swept- 
back wing fighter resembling the MiG-15; the MiG- 
15; the II-28-2, a swept-back wing light jet-bomber; 
and the Tu-75, a six-engined intercontinental bomber 
—not to mention the more recent craft — compare 
quite favorably with the modern American and Brit- 
ish airplanes. Both aerodynamically and structurally, 
these airplanes incorporate comparatively recent 
scientific progress. The power plant and armament of 
the MiG-15 appear to be equal, if not superior, to 
those of its American contemporary, the F-86. Its 
maneuverability exceeds that of the F-86; however, 
this is at the expense of other safety measurements to 
the pilot (armor plate, ejection seat, and so on). But 
the above-mentioned aircraft are only those which 
have been displayed, in one form or another, to the 
Western powers. There are undoubtedly more ad- 
vanced models than have been seen over Korea and 
the satellite countries. 

In conclusion, it appears that aeronautical tech- 
nology in the U.S.S.R. has progressed at a rate far in 
excess of all normal expectations. There is sufficient 
reason to assume that any aero-technological gap 
which once existed between the U.S.S.R. and the 
Western powers is all but closed. Therefore, in order 
to maintain a reasonable balance of air power, it re- 
mains a necessity that the present emphasis on aero 
research and development be, at the very least, main- 
tained and, more realistically, increased. 


ADDENDA 


1. At 28, Tupolev gave up a successful career in 
mechanical engineering to study aero and hydrody- 
namics at the Moscow Superior Technical School. Later, 
in 1910, he designed motor torpedo boats for the Czar’s 
navy. In 1918, he and Professor Zhukovski founded the 
Central Aerodynamics and Hydrodynamics Research 
Institute which literally initiated the Soviet aircraft 
industry. 

2. Both the German and British influences were re- 
flected in the large emphasis on the future capacities and 
abilities of floatplanes; this induced a high percentage 
(much greater than was otherwise warranted) of sea- 
plane production during these early years. 

3. S. A. Lavochkin was born in Smolensk in 1900 of 
orthodox Jewish parentage. Soon after entering high 
school, he entered the revolutionary army. Upon his 
release from the army, he entered a technical high 
school in Moscow, where he studied under Professor 
Zhukovski. Though his first 10 years were devoted to 
structural and production details for the better-known 
designers, during the purge trials he combined forces 
with Gorbunov and Gudkov to produce the LaGG 
series of aircraft. He later designed the La-5 which was 
largely responsible for saving Stalingrad from the on- 
coming German forces. After World War II, Lavochkin 
was chosen to extract information from, and work with, 
the captured German aeronautical scientists. 

4. The initial LaGG series of craft were low wing, 
single-engined, single-seated fighters and fighter-bombers. 

5. A. I. Mikoyan was born in 1899 in Soviet Armenia, 
the son of a country schoolmaster who was also a con- 
firmed revolutionary. Though his early life was centered 
about art and music, he was trained as a draftsman. He 
acquired an interest in aviation while working on the 
design of hangars and airfields and, in his mid-twenties, 
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he attended the Moscow Superior Technical School 
where he specialized in aerodynamics. Upon his gradu- 
ation, he was sent to the ZAGI plant in Kazan, Eventu- 
ally, Mikoyan teamed up with Gurevich to produce the 
MiG-1. After the war, this team broke up and Mikoyan 
more recently gained prominence with the design of the 
MiG-15. He is presently, perhaps, the leading _ Soviet 
fighter aircraft designer. 

6. M. I. Gurevich is reportedly an excellent mathe- 
matician and one of the leading aircraft structures men 
in the U.S.S.R. Little is known concerning his back- 
ground except for his connection with Mikoyan during 
World War II. Since the war, this team has disbanded 
aud both Gurevich and Mikoyan are designing their own 
aircraft. 

7. S. V. Ilyushin was born in 1894, the son of a land- 
less peasant. At 15, he obtained work as a laborer at 
a Moscow airfield. Three years later Ilyushin entered 
the military service where he learned to read and 
write; he soon became a mechanic and transferred to 
the Imperial Russian Air Force. After the revolution, he 
served as the chief mechanic for the Zhukovski Air 
Academy, studying in his spare time. In 1926, he ob- 
tained his engineer's degree and then worked at ZAGI 
under Tupolev. He was eventually transferred to the 
Air Force experimental factory near Moscow, as an 
inspecting engineer: he later became the head of this 
establishment. The Ilyushin aircraft designs reflect a 
great appreciation for simplicity; this was readily ap- 
parent in the IJ-2, the most (numerically) produced 
Soviet aircraft during World War II. 

8. A. S. Yakovlev is one of the most brilliant aircraft 
designers in the Soviet Union. He was born in Moscow 
in 1906, the son of a railroad repair shop machinist. At 
14, he attempted to use compressed air power plants 
and he pioneered in the building of gasoline engines 
for model aircraft. In 1926, Yakovlev entered the 
Zhukovski Air Academy in Moscow where he came 
under the influence of A. N. Tupolev. His first original 
work was a primary glider, which he built at the age 
of 18. He continued to build many airplanes but was 
treated as a junior member of the aviation industry 
until, in 1936, one of his special designs won a reliability 
tour. At. 34, in 1940, he was elevated to a position of 
chief engineer; this appointment, it seems, made him 
work with even greater intensity and since that time, he 
has produced an unbelievable number of aircraft. 

9. Near the end of the war, three American B-29 
Superfortresses, back from a raid on Japan, made a 
forced landing in Siberia. Though the American gov- 
ernment demanded the return of both the crews and 
equipment, only the crews were returned. Tupolev, at 
the time, was working on the design of a long-range 
bomber; he was forced to give up his own design and 
supervise the copying of the B-29, which came to be 
known as the Tu-4. 

10. Over 68 per cent of the German aircraft produc- 
ing facilities, at the end of the war, were located in the 
Soviet occupied territories; the Soviets obtained facilities 
from the Germans to produce well over 25,000 aircraft 
annually, Of the German airframe producing plants, the 
present Soviet occupied territory includes 63 per cent 
of the total German plants that produced pursuits and 
fighters in 1944, 91 per cent of the total German plants 
that produced light and medium bombers in 1944, almost 
98 per cent of the total German plants that produced 
heavy bombers in 1944, and about 73 per cent of the 
total German plants that produced other miscelleanous 
types of airplanes (trainers, observation craft, and so on) 
in 1944. These figures have been obtained from the 
German Air Ministry and are further broken down in 
the U.S. Strategic Bombing Survey Report. 
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A Place for Gladness 


An Address Delivered to the Class of 1929 


at Its Twenty-Fifth Year Reunion 


By ERWIN H. SCHELL 


ANY years ago, when my daughter was a small 
child, she hit upon the idea of issuing a 
weekly neighborhood newspaper. Among 
other requirements, it developed that I was to supply 
each issue with what was hoped to be a funny story. 

This, I recall, proved a difficult task. Of my many 
attempts, I remember only one. It had to do with a 
little girl whose Teddy bear became rather the worse 
for affectionate wear and tear. In fact, one bright but- 
ton eye became so wobbly in its cloth socket that 
serious surgical necessities were indicated. When her 
mother expressed sympathy, the little girl responded: 

“Oh, it’s all right. 'm going to name him Gladly.” 

“A strange name, indeed,” said the mother; but 
daughter demurred: “Not at all. We sing about him 
every Sunday in Sunday School. Don’t you remember 
the hymn that tells about Gladly the cross-eyed 
bear?” 

My interest at the moment is certainly not in bears, 
whether cross- or wall-eyed. Nor am | directly con- 
cerned with gladness as an abstract virtue; for I think 
we all agree on this point. But I am interested and 
anxious that we find a place in our daily rounds for 
a kind of inner elation that feeds us no less than 
bread or even bread and wine. 

Why do we come back to reunions? There is a very 
old saying which for generations has been used when 
we shake hands with one another. We say, “Glad to 
meet you.” We return to reunions because we look 
forward to being with old friends, to seeing again 
those faces that were a part of our daily world in 
earlier years, to basking in the emotional sunshine, 
in the fair weather, which always inheres when good 
fellows get together. We are truly glad to meet each 
other again. 

Of course we should not and do not look forward 
to a life of eternal reunions. Like the vanilla in the 
ice cream, reunions, when at their best, add from 
time to time a flavor to our existence that nothing 
else may replace. Here, it seems to me, lies one of 
the characteristics of gladness that we may well keep 
in mind if we are to live our lives fully. In this extra- 
ordinary gift which we speak of as consciousness we 
have areas of awareness which relate to our work, 
to our play, to our home, to our social world, and to 
our religious observances, to name only a few. While 
we are always aware that each region of interest 
exists, yet we can be preoccupied with but one at a 
time. Nevertheless, if any of these offers us cause for 
elation, we may turn to it momentarily with warmth 
and satisfaction, irrespective of our immediate pre- 
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occupation and thus enjoy its brief incursion into 
our consciousness. 

This privilege is, I think, the reason that men enjoy 
having pictures of their families on their desks. As 
we proceed through our working day, a glance may 
bring to the surface of our consciousness a sense of 
gladness and gratitude for the satisfactions thus 
symbolized. 

An industrialist of my acquaintance has always 
given prizes of permanent value to his employees. 
He explained: 

“I want that man’s achievement to remain con- 
stantly before him so that no matter how hard the 
going, he may always recall and be inspired by his 
earlier accomplishment.” 

This, I suppose, is why many countries still main- 
tain a royal family which reigns rather than rules and 
which, when at its best, provides cause for wide- 
spread elation in an otherwise dreary political world 
Witness, for example, the extraordinary outpouring of 
gladness as Queen Elizabeth stood before the people 
of her Commonwealth on her recent world tour. 

May I suggest some ways in which we may culti- 
vate and increase in our lives those moments which 
bring a sense of elation. 


Elation of Accomplishment 


The first has to do with accomplishment itself. I 
am convinced that we do not ordinarily allow our- 
selves the self-earned gratifications that our accom- 
plishments deserve. We are too inclined to brush 
away our success in a gesture of over-modesty, say- 
ing, “Oh well, that didn’t amount to much.” 

The truth is that it is our successes that keep kick- 
ing us upstairs. Many are the examples of men who 
attained far greater eminence than they ever origi- 
nally anticipated, largely because the stimulus of 
their successes urged them forward to ever greater 
efforts. I may be misunderstood when I say that we 
owe it to our own futures purposely to revel with 
uninhibited enjoyment in our achievements — not 
publicly, of course, but so that we may taste to the 
full the sweet nectar of hard-earned accomplishment. 

Years ago when George Bernard Shaw was return- 
ing to England from America, he was observed on 
shipboard reading a book that filled him with great 
amusement. So curious did one passenger become 
that he contrived to look over Shaw's shoulder at the 
title of the volume. It proved to be one of the earlier 
writings of George Bernard Shaw! 

a7 





Elation from Examples of Others 


Next, I would urge the cultivation of an active 
pride in, and admiration of, other people, their at- 
tainments and their standards. We say to ourselves: 
“There is a fine person — there is an inspiring per- 
sonality” and we return with fresh resource to the 
work at hand. 

I have a friend who for many years has purposely 
drawn emotional sustenance from his wide acquaint- 
ance with people of solid character and accomplish- 
ment. His self-initiated correspondence, conversations 
and conferences with people of merit have provided 
him with a never-ending flow of personal inspiration 
and pleasure. He has literally built resources of con- 
structive gratification into his life. 

In a letter, after telling of his early acquaintance 
with Carnegie, Wanamaker, and Flagler, he went on 
to say: 

“I could tell of other great personalities who have 
influenced me. Schweitzer, Grenfell, Gandhi, Nehru, 
Hoover, Coolidge, Al Smith, Billy Sunday, Charles 
Lindbergh. Meeting these people had an effect upon 
my character. Meeting them accidentally? No. These 
meetings were carefully planned.” 


Awareness of Beauty 


A noted architect once addressed our class on the 
subject of aesthetics in industry. His final words were 
to this effect: 

“Love beauty, wherever you may find it, whether 
in Nature, in man’s handiwork, or in people them- 
selves. It will add joy to your day and happiness to 
your life.” 

I have long enjoyed the taking of colored motion 
pictures. To my surprise I discovered that the mere 
carrying of a color camera increased my sensitiveness 
to the presence of hue and shade. I have found this 
increased perceptiveness to be an unanticipated re- 
source and delight. 

There is the story of the kindergarten teacher in 
the slum area of a large city. She had talked to her 
small charges about the presence of beauty in the 
world but the going was hard. Few could think of 
illustrations. So, in desperation, she asked the chil- 
dren to bring to school one example of something in 
their homes that they had seen and enjoyed. The next 
morning, hands were few when she called for re- 
sponses. Finally, one mite spoke up: 

“Teacher, I went home and looked like you said. 
I looked on the second floor — I saw nothing; I looked 
on the first floor — I saw nothing; I went down to the 
dark cellar. There was my baby sister playing in the 
dirt. There was a little hole in the bricks in the wall 
behind her. There was a sunbeam coming through 
the hole, and it shone right on my sister’s red, red 
hair down in that dark cellar, and I tell you, teacher, 
it was beautiful.” Beauty can lift us up. 


Anticipation 
All of us benefit if we have something in the nature 


of a happy event to look forward to. While we may 
find enjoyment in doing pleasant things on the spur 
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of the moment, there are many of us whose hearts 
are gladdened by the thought of that which is to 


come. Next week’s theater tickets on the living-room | 


table; a road map engrossed with a future peregrina- 
tion, the early perusing of a spring flower catalogue 
— all add verve and flavor to our existence. With but 
normal forethought and effort we can constantly have 
before us some enjoyable event-to-be — the thought 
of which, as our working day proceeds, on its course, 
brings a lift. 

Even when anticipation is built upon uncertainties, 
its power may be great. I have always enjoyed a story 
my father used to tell about a man from the old coun- 
try who bought a tenth of a $10,000 lottery ticket. 
Around the dinner table at night, the family discussed 


the possibilities thus offered to them. What would | 


they buy? The head of the family quickly put a stop 
to such alternatives. In his own mind he had already 
made a decision which he thought would please his 
family, as well as himself. 

“{ will buy an automobile,” said he. “And, I will 
soon learn to drive and we will all go every Sunday 
into the country. And my wife Olga will sit beside 
me in the front seat and little Olga and Hans will sit 
in the back seat...” 

“No, father,” from little Hans, “I want to sit in the 
front seat.” 

“Hans sits on the back seat.” 

“But, father, how can I learn to drive if I sit on the 
back seat?” 

“There is plenty of time, Hans, for you to learn to 
drive.” 

“But, father, I want to learn to drive now.” 

“Hans Hopfalfinger—get out of the car!” 


Satisfactions to Order 


I suppose there is no medium for made-to-order 
elation more powerful than the hobby. Short-term 
accomplishments and their ensuing lift can almost be 
designed to measure. At times our daily work may 
not yield an immediate thrill of satisfaction. Then we 
may turn to our avocation — be it golf, stamp collect- 
ing, or the basement workshop — for those more im- 
mediate satisfactions which bring pleasure when we 
think of them. 

I listened one evening to the proprietor of a train- 
ing center for “hobby-crafters” as he told of his ex- 
periences in the development of avocational skills. 

“Take copper-smithing, for example,” he said. “A 
man comes in — wants to learn copper-smithing. We 
give him a rectangular wooden block with a shallow 
circular indenture a few inches in diameter in the 
center. We give him a circular piece of sheet copper 
that fits over the round area. We give him a peening 
hammer and tell him to hammer hell out of the copper. 
He turns to, and in half an hour he takes out his piece 
of copper and finds he has an ash-tray. This delights 
him no end. 

“The next week we give him something that takes 
an hour’s work before it is completed. And so on until 
he is ready to spend thirty, forty, or fifty hours on a 
project that results in something that really gives him 
a terrific psychic boost.” 

(Concluded on page 46) 
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Science for the Good of Mankind 


President Killian’s Report to the Corporation 


Emphasizes Beneficent Uses of Science 


T its annual meeting on October 4, the Corpora- 
tion of M.I.T. expressed its deep sense of loss 
in the death of its chairman, Karl Taylor Comp- 

ton, paid tribute to his long and able leadership, and 
voted that its resolution on Dr. Compton be made part 
of the permanent record of M.I.T. Prepared by a 
committee whose members were Vannevar Bush, ’16, 
James R. Killian, Jr., ’26, Alfred L. Loomis, and 
Gerard Swope, °95, the resolution on Dr. Compton 
appeared on the opening page of the President's 
Report to the Corporation. ° 

In opening his thought-provoking annual message 
to the Corporation, President Killian recalled that the 
most insistent and commanding intellectual problem 
of our time is that of survival, and defense of the free 
world against sustained ideological assault and pos- 
sible thermonuclear attack. In calling for the con- 
tinued advance of the beneficent uses of science, 
President Killian remarked: 

One of the many requirements imposed upon the nation 
by this brutal fact is an inescapable demand upon scholars 
and educational institutions to serve the national defense 
and to strengthen the free world. In this marshaling of the 
creative resources of scholarship, science and technology 
occupy a position of great responsibility and difficulty: for 
out of science have and must come some of the major 
instrumentalities for the strengthening and the protection 
of the free world. This may well be one of the most 
beneficent current services of science and scholarship. . . . 


After reviewing briefly the growth of private and 
federally supported research, the present heavy de- 
mand for scientifically trained personnel, the need to 
strengthen and preserve the freedom of private insti- 
tutions, and the increased responsibility of institutions 
of higher learning, President Killian remarked: 


Along with the growing recognition of the importance 
of science to the national welfare have appeared adverse 
reactions to science — reactions of fear, uneasiness and 
misunderstanding, especially with respect to the work and 
methods of the scientist. The great and frequently dra- 
matic part that science plays in our defense has resulted 
in a tendency to identify science mainly with military ap- 
plications and to think of its effects in terms of destruction. 
There has been a growing danger that the beneficent 
values of science would be clouded by these fears and mis- 
understandings, and recent events have clearly pointed up 
this hazard. 

One of the responsibilities of M.1.T. in the light of these 
current conditions is to explain, to demonstrate and to 
symbolize the beneficent nature of science and of creative 
intelligence. While discharging to the level best of our 
ability our responsibilities for defense, we must also keep 
steadily before us the importance of providing a favorable 


® The resolution on Dr. Compton is reproduced on page 12, 
as the frontispiece of this issue of The Review. 
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environment for pure research, for the prospering of dis- 
interested curiosity, for the pursuit of science as a noble 
end in itself and for the encouragement of creative in- 
telligence. 

If American science is to continue to prosper, if it is to 
continue to attract to it its proper complement of creative 
and gifted minds, we must everywhere combat the mis- 
taken notion that science and engineering are narrow, pro- 
vincial and destructive of human values. We must 
demonstrate instead that science and engineering are great 
liberalizing, humanizing forces as well as the greatest 
intellectual structure achieved by our civilization, and that 
the spirit and outlook of science have given and continue 
to give strength and vigor to the character and spirit of 
the American people. . 

In serving the nation’s safety and economy and indus- 
trial development, men of science and technology at the 
same time thus serve a deep spiritual need — the need to 
understand nature and to use it for the welfare of man. 
The practical benefits of science are a by-product of this 
urge to understand. Indeed science finds its fulfillment not 
only in the great practical structures it creates but also in 
the insights it provides into the order, the majesty and the 
mystery of man and of the universe. The needs of the 
spirit are served when we pursue science with these ends 
in mind — when we prize its practical benefits while keep- 
ing steadily in view the soaring structures of thought and 
beauty that science has slowly been building. 

In face of the current turmoil involving scientists and 
other scholars, it is our continuing responsibility and op- 
portunity at M.I.T. to express with poise and composure 
the beneficent values of science and all other forms of 
creative intelligence and to combat the anti-intellectualism 
which deprecates these values. We have an unusually 
urgent responsibility now to stress the true character of 
science as a liberalizing, humanizing and creative force 
that serves man spiritually as well as intellectually and 
practically. . 


Educational Trends 


In discussing educational trends at M.I.T., Presi- 
dent Killian reviewed the more important innovations 
and advances in the Institute’s curriculum and teach- 
ing methods. More flexibility is being introduced in 
the educational process, and there is an increasing 
emphasis on fundamentals. For example, the Depart- 
ment of Physics is reorganizing its laboratory instruc- 
tion for freshmen and sophomores; a new program in 
the Department of Electrical Engineering provides 
broadened and deepened scientific content; and 
establishment of a new course of study (whose con- 
tent will be made up of approximately half engineer- 
ing and half humanities and social science topics) is 
under investigation. The Institute’s Center for Inter- 
national Studies provides new opportunities to pre- 
pare engineers for foreign service, particularly with 
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industrial firms. A clear need exists to give a larger 
place to psychology in our curriculum, and distin- 
guished scholars in the field have urged creation 
of a Department of Psychology, when this can be 
adequately financed. 

The present educational trend toward greater 
emphasis on science is perhaps best summarized in 
Dr. Killian’s own words: 

What we are witnessing at M.LT., along with a renais- 
sance of imaginative teaching, is a new coalition of engi- 
neering and science, of science and social science, of 
education and industry and of general and professional 
education — a coalition designed more adequately and 
fully to meet the increasingly complex needs of our so- 
ciety, an education up to date in its outlook and relevant 
in its content to the needs of an industrial civilization. . 


Already the grammar and secondary schools are 
pressed to meet the needs for the large number of 
children born during or after World War II. Soon the 
nation’s colleges and universities will be affected by 
the greatly increased numbers of applicants who seek 
admission to college. If the institutions of higher 
learning are to provide the same facilities per student 
as they do today, it is estimated that as much college 
plant will have to be built in the next 15 years as has 
been built in the United States during the past three 
centuries. Naturally this anticipated increase in en- 
rollment affects policies at M.1.T., particularly since 
the Institute has had limited enrollment for about two 
decades. On this topic President Killian reported: 


It is our present feeling that M.I.T. has many responsi- 
bilities to assume in helping to meet this national growth 
in college enrollments but that our primary responsibility 
is to maintain high standards and educational leadership. 
We will not be able to do this if we permit ourselves to 
grow too large. It is the consensus of our Faculty and ad- 
ministration at the present time that without a marked 
change in structure and a great increase in resources, we 
cannot grow appreciably larger in enrollment at the In- 
stitute and still maintain the standards, the leadership and 
the opportunity to pioneer and innovate which have al- 
ways characterized M.I.T. 

I feel it important that we accept our share of the re- 
sponsibility of meeting the impending critical shortage of 
teachers of science in the secondary schools and of steadily 
refining and advancing our own educational program for 
the purpose of setting standards for our kind of education 
throughout the country. 

Financially we cannot justify an increase in enrollment 
without increasing our permanent funds. This is particu- 
larly true if M.LT. is to have the stability of support and 
the working capital required to undertake the wide range 
of public service it is now asked to carry. In 1940 our en- 
dowment per student was $21,000. Because the growth 
of our endowment has not kept pace with inflation or with 
increasing enrollment, this figure has dropped to $10,000, 
if we adjust for the changed value of the dollar. The im- 
mediate effects of greater tuition income as a result of 
increasing enrollment are, in the long run, illusory, be- 
cause the enrollment increase invariably creates new capi- 
tal requirements not immediately felt. . . . 


Building and Campus 


During the past five years, the Institute has gone 
through the largest building program since it moved 
to Cambridge in 1916. The value of the educational 
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plant, at cost, was $19,500,000 in 1948; today it is 
more than $34,000,000. But, said Dr. Killian, “Even 
though we do not enlarge the size of our student body 
in the years ahead, we will still need additional facili- 
ties to round out our program.” Obsolescence of 
educational facilities in science and engineering — 
greater than in other disciplines — brings with it the 
urgent problem of keeping up to date. 

But new facilities are also needed. Among those 
mentioned in President Killian’s report are an ade- 
quate Student Union and Alumni Center, permanent 
houses for the continuing large number of married 
students, and much improved parking facilities. New 
facilities for nuclear science and electronics have been 
urgently needed for many years. In reporting prog- 
ress toward meeting the need for properly housing 
research activities in these fields, Dr. Killian said: 


For the past five years the top priority given any physi- 
cal need of the Institute has been a building to bring to- 
gether our teaching and research facilities in electronics 
and in nuclear science, which are now widely scattered 
and atrociously housed in temporary buildings built for 
wartime activities. At commencement I announced the 
decision of our Executive Committee to undertake a con- 
centrated special gifts campaign to build this building, 
and in addition to build an unclassified nuclear reactor for 
educational use. 

The last Executive Committee meeting over which Dr. 
Compton presided authorized this effort, and he advocated 
the program with enthusiasm and a sense of urgency. Fol- 
lowing Dr. Compton’s death Alfred P. Sloan, Jr. 95, and 
then others independently proposed that the nuclear sci- 
ence and electronics laboratory be built as a memorial to 
Dr. Compton. 

Under the joint leadership of Mr. Sloan and of Marshall 
B. Dalton °15, its honorary chairman and chairman, re- 
spectively, the Development Committee of the Corpora- 
tion is actively planning the campaign to provide capital 
and operating funds for these two facilities. 

Among the many reasons leading to the decision to 
build an unclassified nuclear reactor is the conviction that 
the development of atomic energy for beneficent use is 
important to the spirit of America. Though we must build 
bombs in a world out of joint, we will move ahead into a 
better time only by improving the lot of mankind and ad- 
dressing ourselves to more noble ends than atomic might. 
The use of science for defense is necessary and we cannot 
be strong without it. But such use of science and tech- 
nology is not a natural or satisfying use and in the end 
can only thwart and distort their true spir?t. Is it not pos- 
sible that bold and imaginative acts by Americans to 


demonstrate the moral purpose 2nd the nonmilitary uses of ° 


science and technology can contribute to our own reas- 
surance and to our leadership of a world seeking peace? 
Our great resources of intelligence, imagination, ingenuity 
and risk-taking spirit are moral forces that can lead a 
world out of a cold war. Science, with its spirit of crea- 
tivity, its search for understanding, its dependence upon 
freedom and good will and its world-wide currency, offers 
an avenue to a higher standard of living for all the world, 
but more importantly, to a resurgence of a spirit of recon- 
ciliation and good will among nations. In this period of 
cold war we are engaged not only in an atomic armaments 
race but in a race to apply atomic energy to peaceful and 
beneficial use. This is a race we must win not only for our 
own welfare but for our influence in the community of the 
free world. . . . 


(Continued on page 47) 
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Den Hartog Heads Course Il 


PPOINTMENT of Jacob P. Den Hartog as Head 
A of the Institute’s Department of Mechanical 

Engineering was announced during the sum- 
mer by C. Richard Soderberg, ’20, Dean of the School 
of Engineering at M.I.T. Professor Den Hartog has 
been in charge of the Division of Applied Mechanics 
of the Department he now heads, since 1945, and is 
regarded as one of the world’s foremost authorities 
in the field of mechanical vibrations. 

A graduate of Delft Technical School in Holland 
(in 1924), Professor Den Hartog received the degree 
of doctor of philosophy from the University of Pitts- 
burgh in 1929. During 1930-1931 he studied hydro- 
dynamics and aerodynamics under Professor Prandtl 
at the University of Gottingen in Germany. 

Except for the year at Gottingen, from 1925-1932 
he was associated with the Research Laboratory of 
the Westinghouse Electric Corporation in Pittsburgh, 
where he served in the Mechanics Division specializ- 
ing in problems in dynamics and mechanical vibra- 
tions. In 1932 he joined the engineering faculty at 
Harvard where he served as assistant professor of 
applied mechanics from 1932-1936 and as associate 
professor from 1936-1941. In 1942 Harvard awarded 
him the honorary degree of master of arts. 

Born in Ambarawa, Java (Indonesia), Dr. Den 
Hartog became a naturalized United States citizen 
in 1930 and in 1939 received a commission in the 
United States Naval Reserve. During World War II 
(1941-1945) he served with the Navy on assignment 
with the Bureau of Ships, where he contributed to 
the solution of many problems of vibrations and par- 
ticipated in the trials of nearly all of the larger ves- 
sels. In 1945, while he was a member of the U.S. 
Naval Technical Mission investigating German war 
industry and research, he was appointed captain in 
the U.S. Naval Reserve. 

Dr. Den Hartog has been a recipient of many pro- 
fessional honors, among them the Richards Memorial 
Award, which he received in 1947 for “outstanding 
work in applied mechanics,” and the Worcester Reed 
Warner Medal, which he received in 1951 for “out- 
standing contributions to engineering literature.” 

A fellow of the Institute of the Aeronautical Sci- 
ences and of the American Academy of Arts and 
Sciences, Professor Den Hartog is also a member of 
the National Academy of Science, the American So- 
ciety of Mechanical Engineers, the American Society 
of Naval Engineers, the American Society for Engi- 
neering Education, Sigma Xi, Tau Beta Pi, and Pi 
Tau Sigma. 

Professor Den Hartog is the author of numerous 
articles in the technical press and of the highly re- 
garded text Mechanical Vibrations, which is now in 
its third edition and which has appeared in French, 
German, and Russian translations. 
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M.1.T. Photo 


Professor Jacob P. Den Hartog 
Head, M.1.T. Department of Mechanical Engineering 


His other books include Mechanics, Strength of 
Materials, and Advanced Strength of Materials. He 
is also co-editor of the Transactions of the Fifth In- 
ternational Congress for Applied Mechanics, and 
author of a section of Marks’s Mechanical Engineers’ 
Handbook (3d, 4th, and 5th editions). 


Professor of Acoustics 

HE appointment of Richard H. Bolt as Professor 
Tot Acoustics in the Department of Electrical 
Engineering was announced on September 19 by 
C. Richard Soderberg, '20, Dean of the School of 
Engineering. Dr. Bolt has been director of the inter- 
departmental Acoustics Laboratory at M.I.T. since 
1946, and is one of the unquestioned leaders in the 
field of acoustics not only in the United States but 
also internationally. 

“The acoustic requirements of modern architecture, 
the increasing tempo of industry, the larger size of 
many industrial tools, and the disturbance to civilian 
activity of jet aircraft breaking the sound barrier are 
examples which make scientists and engineers very 
conscious of noise and its detrimental effect on hu- 
man beings,” said Dean Soderberg. He added that 
Dr. Bolt’s new appointment as Professor of Acoustics 
in the Department of Electrical Engineering and his 
continuing assignment as director of the Acoustics 
Laboratory suggest M.I.T.’s response to this increas- 
ing problem. 


$l 








Fay Foto 


Pictured above and on the facing page are 76 of the 83 members of the Class of 1904 and their wives who celebrated the 50th 
reunion of the Class on Cape Cod last June. Shown above on this page, in the first row, seated on the ground, in usual reading 
order are: Carle R. Hayward, Karl E. Peiler, Paul McC. Paine, Amasa M. Holcombe, Frank J. Severy, Bernard Blum, and E. 
Farnum Rockwood. Second row, seated in chairs: George Ainsworth, Arthur P. Porter, Mrs. Arthur P. Porter, Mrs. William G. H. 
Whitaker, Jr., Mrs. Guy P. Palmer, Mrs. Currier Lang, Mrs. Walter E. Hadley, Mrs. William S. Anthony, Mrs. Arthur H. Langley, 
Mrs. Karl E. Peiler, Mrs. Paul McC. Paine, Henry K. Richardson, Mrs. Amasa M. Holcombe, Mrs. Frank J. Severy, Mrs. Eugene 
H. Russell, Jr., Mrs. Bernard Blum, Mrs. Harry T. Rollins, and Mrs. E. Farnum Rockwood. Standing, in the third row, are: Rob- 
ert B. Sosman, Robert Palmer, Mrs. Robert Palmer, Mrs. Harry H. Groves, Harry H. Groves, Guy P. Palmer, Currier Lang, Wall- 
ter E. Hadley, Arthur H. Langley, Mrs. Carle R. Hayward, Eugene H. Russell, Jr., Edward F. Parker, William G. H. Whitaker, 
Ir., Louis H. G. Bouscaren, Arthur D. Smith, Harry T. Rollins, David Sutton, and Mrs. David Sutton. 


At M.L.T., the Departments of Architecture, Elec- Following his graduation he undertook intensive 
trical Engineering, and Physics participate jointly in training in acoustics and physics at the same insti- 
the Acoustics Laboratory, bringing to its work the tution, received a master’s degree in physics in 1937, 
problems and experience of both theory and practice. and was University Fellow until 1939 when he was 

Dr. Bolt was graduated from the University of | awarded the doctor of philosophy degree. 
California in 1933, having majored in architecture. Following an interesting career as a National Re- 


search Fellow, Dr. Bolt joined the acoustics staff at 
M.LT., working under the supervision of Professor 
Philip M. Morse of the Department of Physics. In 
1943 he was sent to London, assigned to the Office 
of Scientific Research and Development; subse- 
quently he became chief technical aide to the Na- 
tional Defense Research Committee, Division 6, New 
York. He joined the faculty of the Department of 
Physics in 1945 and became an associate professor 
of physics in 1946. 

Dr. Bolt went to England in 1947 to survey re- 
search on underwater sound for the National 
Kesearch Council as a member of the Undersea War- 
fare Committee’s Acoustics Panel. He also attended 
the Marconi Congress at Rome as a delegate of the 
American Institute of Physics and the Acoustical So- 
ciety of America. In 1949 he delivered a series of 
lectures on room acoustics at the Royal Institution 
in London and advised the London County Council 
on the acoustic design of the Royal Festival Hall. 

Dr. Bolt is a member of the American Institute of 
Physics and served on its Policy Committee from 
1945 to 1948. He is a fellow of the Physical Society, 
the American Association for the Advancement of 
Science, and the Acoustical Society of America of 
which he was president in 1948-1949. He is currently 
president of the International Commission on Acous- 
Richard H. Bolt tics and chairman, Armed Forces National Research 
Council committee on hearing and bio-acoustics. 





M.1.T. Photo 


Professor of Acoustics, Department of Electrical Engineering 
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Continuing with the names of the participants who attended the 50th reunion of the Class of 1904 at the Oyster Harbors Club in 


Fay Foto 


Osterville on the week end of June 11, from the above illustration we list (first row, seated on the ground, reading from left to 
right): E. Farnum Rockwood, William B. Boggs, Clarence B. Williams, Frank H. Davis, Everett O. Hiller, and Robert M. Phin- 
ney. Second Row, seated in chairs: Mrs. Harry T. Rollins, Mrs. E. Farnum Rockwood, Mrs. William B. Boggs, Mrs. Clarence B. 
Williams, Mrs. Charles R. Haynes, Mrs. Frank H. Davis, Mrs. Elmer A. Holbrook, Mrs. Everett O. Hiller, Mrs. Robert M. Phin- 
ney, Mrs. Alfred L. Coupe, Mrs. Harry H. Needham, Mrs. George K. Kaiser, Henry W. Stevens, Mrs. Charles J. Emerson, and 
Mrs. Simon J. Martenet. In the back row, standing, are: David Sutton, Mrs. David Sutton, Mrs. Cyrus Y. Ferris, Cyrus Y. Ferris, 
Charles R. Haynes, Otis D. Fellows, Mrs. Henry W. Stevens, August W. Munster, Elmer A. Holbrook, George A. Curtis, Harry S. 
Kendall, Alfred L. Coupe, Harry H. Needham, George K. Kaiser, Frank W. Milliken, Charles J. Emerson, and Simon J. Martenet. 
The reunion culminated in the Alumni Day program on June 14 in Cambridge. 


Science Research Laboratories to Rise as Memorial to Dr. Compton 


N™ laboratories dedicated to the fundamental re- 
search which will exploit the vast peacetime 
potential of electronic and nuclear science will be 
built as M.LT.’s memorial to the Institute's late 
chairman, Kar] Taylor Compton. Speaking at an In- 
stitute-wide convocation in commemoration of Dr. 
Compton on October 4, James R. Killian, Jr., ’26, 
President, announced plans for building the Karl 
Taylor Compton Laboratories for Nuclear Science 
and Electronics. 

Preliminary drawings for a $3,000,000 building 
have already been made by Skidmore, Owings and 
Merrill, architects of New York. In addition, Dr. Kil- 
lian announced, a fund of $3,000,000 will be pro- 
vided for unrestricted support of the Institute’s work 
in these fields. 

M.I.T.’s nuclear reactor, to be devoted solely to 
education and nonsecret research in the peactime 
applications of nuclear power — plans for which were 
announced at the Institute's commencement last 
June — will also be associated with the Karl Taylor 
Compton Laboratories. 

The proposed laboratory building to honor Dr. 
Compton will comprise about 125,000 square feet of 
floor area, designed especially for M.LT.’s work in 
nuclear science, nuclear engineering, and electronics 
—and related activities under the Departments of 
Physics, Electrical Engineering, and Chemical Engi- 
neering. “Much of the most important and significant 
education and research in these physical sciences 
since World War II,” Dr. Killian said, “has been 
carried out at M.I.T. in grossly inadequate tempo- 
rary buildings which were erected for urgent re- 
search during the war.” 
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In these plans, Dr. Killian said, the Institute has 
the full and enthusiastic support of the M.1.T. Cor- 
poration’s Committee on Development, headed by 
Alfred P. Sloan, Jr., 95, chairman of the Board of 
General Motors. Dr. Killian recalled that, at the last 
meeting of the Executive Committee over which he 
presided before his death, Dr. Compton enthusiasti- 
cally supported the preliminary plans for a physical 
sciences building and a nuclear reactor devoted to 
peacetime objectives. “Because of his belief in the 
importance to education and science of these two 
facilities, it is singularly appropriate that they should 
bear his name,” Dr. Killian declared. “No greater 
need for facilities exists at M.I.T. today than for 
adequate permanent laboratory space for the physical 
sciences.” 

“Dr. Karl Compton, by his imagination and efforts,” 
Mr. Sloan has written, “developed the Massachusetts 
Institute of Technology into one of the leading — if 
not the leading — scientific institutions of our time, a 
real asset to our whole society. He felt strongly that 
to maintain the leadership of the Institute required 
an aggressive and imaginative program which would, 
while serving M.I.T.’s interests, support tremendously 
our scientific advancement as a whole.” 

The 1955 Alumni Fund will be devoted exclusively 
to this memorial to Dr. Compton, it was announced 
in October in behalf of Theodore T. Miller, °22, 
chairman of the Alumni Fund Board and Vice-presi- 
dent of the Dewey and Almy Chemical Company. 
“We are confident,” he said, “that M.LT. alumni 
everywhere will welcome this expression of their 
affection and high regard for one of the Institute's 
greatest leaders.” 
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Herbert Stier 


Emblematic of M.1.T.’s victory in the Henley Regatta is the 

Thames Challenge Cup proudly displayed by crew leaders at 

the Institute. Left to right are Ivan J. Geiger, Director of 

Athletics, James B. McMillin, ’43, Coach, William H. McTigue, 

Ir.,’54, captain, and Ward Evis, rigger. Mr. McMillin has been 
coaching crew at M.1.T. since 1939. 





M.LT. Photo 


Pictured below is the M.1.T. crew pulling to victory over the 

British Royal Navy boat at Henley-on-Thames. Seventy-two 

crews were contestants for the Thames Challenge Cup which 

was annexed by M.I.T. in the final competition on July 3. At 

the finish, Coxswain Waye was tossed in the river in the 
traditional manner. 


George Bushell and Son 





M.1.T. Wins Thames Challenge Cup 


Fry ang briefly reported in the July, 1954, issue 
of The Review (page 478) the success of the 
M.I.T. 150-pound crew in winning the Thames Chal- 
lenge Cup on July 3 can now be substantiated by 
photographs. To win the British regatta trophy from 
the Royal Navy at Henley-on-Thames, the M.I.T. 
crew successively rowed against, and beat, able crews 
trom University College, Reading University, Lon- 
don Rowing Club, Thames Rowing Club, and the 
Royal Navy. 

The victory was a great event for members of the 
Institute’s crew, for James R. Killian, Jr., ’26, Presi- 
dent, and for Ivan J. Geiger, Director of Athletics, 
who were present for the races. But perhaps the 
trophy, and the victory it represented, meant most 
to James B. McMillin, crew coach at M.LT. 

The photograph at the left shows the principals in 
the crew race, with the Thames Challenge Cup about 
to begin its air trip to the United States. Members of 
the victorious crew are shown below, with identifica- 
tion in the caption to the right of the illustration. 


“Victory shirts’ won on 
May 15, 1954, at the 150# 
Intercollegiate Regatta at 
Princeton. The shirts, left 
to right, are from: Penn- 
sylvania, Yale, Princeton, 
Harvard, Navy, Dartmouth, 
Cornell, and Columbia. 
The oarsmen, in the usual 
reading order, are: Valde- 
mar A. Skov, 55, Robert 
F. Buntschuh, ’55, William 
H. McTigue, Jr., °54, Rob- 
ert N. Sawyer, ’56, Gordon 
J. Burrer, Jr., 55, F. Law- 
rence Holmes, ’54, Leonard 
V. Gallagher, °54, and 
Robert D. Wilkes, ’55. In 
front, holding the Joseph 
Wright Trophy, are Jack 
H. Frailey, ’44, coach, and 
Jerome D. Waye, ’54, 
coxswain. 


M.I.T. Has Largest Freshman Class 


T HE largest freshman class in the history of M.I.T. 
arrived at the Institute on September 16 for tra- 
ditional Freshman Week End activities. Registration 
of more than 950 entering students inaugurated a 
busy four-day week end designed to acquaint the 
new freshmen with campus and classroom life at the 
Institute. 

High light of the program for new students was an 
address of welcome by James R. Killian, Jr., ’26, 
President of the Institute. E. Francis Bowditch, Dean 
of Students, and Eldon H. Reiley, 55, President of 
the undergraduate governing body at M.I.T., also 
addressed the group. 

In his address to the freshmen, President Killian 
emphasized the spiritual, as well as the intellectual, 
growth which M.LT. offers: 

“While serving the nation’s economy and safety, 
men of technology must also serve man’s need for 

(Continued on page 36) 
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BUSINESS IN MOTION 





Lo gee CrLeaguee on lliditatineien Licwheen eae 


Improve quality, reduce production costs — either or 
both. That is the aim of Revere in its relations with 
customers and prospects. Here is an example that is 
rather spectacular. It involves overlaying a silicon 
bronze gasket surface 2” wide around the periph- 
ery of a 46-inch diameter, 214” thick steel tube sheet 
for a large heat exchanger. 

During a call on the manufacturer Revere was 
given the opportunity to see the overlaying operation. 
It was being done manually, by 
the gas-shielded tungsten arc 
method. Experience showed 
that the time required to com- 
plete the operation was from 
6'% to 7 hours. Included in the 
material cost was a full tank of 
argon, price about $26.40. After 
the gasket surface was com- 
pleted, it was machined, which 
sometimes revealed excessive 
iron pickup, caused by differ- 
ences in welding speed or other 


operator variants. Sometimes 

there would be porosity, sometimes excessive hard- 
ness. Repairing these spots by re-welding meant that 
the surface had to be machined again. 

The company in question is highly skilled, and 
seldom needs to call in people from outside. However, 
this difficult operation was of considerable concern 
because of the size of the contract and the extra costs 
involved. Revere was asked for its opinion. After 
studying the matter, it was suggested that the gasket 
surface could be done more quickly and uniformly 
by semi-automatic methods, using equipment already 






68 
ad 





available in the shop. The necessary strict details of 
procedure were developed in the Welding Section of 
Revere’s Research and Development Laboratory at 
Rome, N. Y. so that we were able to prove the method. 
The customer’s shop was then revisited and assistance 
given in setting up the e.juipment, which included a 
variable-speed welding , ositioner to rotate the tube 
sheet under a stationary head. On the first sheet over- 
laid by this gas-shielded metal arc process, the time 
required was 49 minutes. 

Time thus was reduced by 
some six hours. Argon consump- 
tion was cut to about 25 cubic 
feet at a cost of about $3, repre- 
senting a saving of about $23 in 
gas alone. Cost estimates of the 
two processes indicated a total 






a 
w 


saving of about $50 per tube 
sheet. Since the manufacturer 
still had over one hundred of 
these heat exchangers to make 
before the contract was com- 
pleted, total savings will amount 
to about $5,000, as a result of the better method. 

It is interesting to note that no Revere materials 
were involved in this work. Nevertheless, Revere was 
glad to do it for an important customer, one who buys 
large quantities of our metals. 

In these days it is more important than ever to hold 
costs down. Perhaps your suppliers have some special 
skills that you could use. No matter what you 
make, it would be wise to seek their collaboration 
on the matter of improving quality, reducing costs, 
or both. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
SEE “MEET THE PRESS” ON NBC TELEVISION, SUNDAYS 
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a chronicle of the decisive years ...” 


The Christian Science Monitor 


-The Boston Globe 


“This volume is unique, it is history, it is interpreta- 


° 


—The Technology Review 


All royalties from When M.1.T. was 
“Boston Tech” have been assigned by 


Dr. Prescott to the Alumni Fund. 


THE TECHNOLOGY PRESS Room 14N229, 


Mass. Inst. of Tech. 
Cambridge 39, Massachusetts 


My check for $........... is enclosed herewith for 
wake copies of When M.1.T. was Boston Tech”. 
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understanding and for spiritual growth. Here at 
M.I.T. we can give a pilot-plant demonstration that 
men and women may live and work together with a 
minimum of meanness and irresponsibility and with 
a conscious effort to utilize reconciliation and good 
will to advance the lot of each other. 

“We have an opportunity to exemplify day in and 
day out our democratic ideals of social justice, free- 
dom, and individual dignity. We have an obligation 
to resent every encroachment upon these ideals and 
every act which erodes away this freedom and this 
dignity. We have an obligation to cultivate and 
demonstrate the moral idealism which is the cement 
of our society. 

“At M.IL.T. we also have an inescapable responsi- 
bility to deal with ideals as well as ideas and to con- 
cern ourselves with values while we become proficient 
with things. To achieve this combination we have 
been creating at M.I.T. a new coalition of ideas and 
ideals, of science and social science, and of general 
and professional education with the intent of provid- 
ing an outlook and a culture relevant to the needs of 
modern life. This new coalition of learning empha- 
sizes our conviction that you can be neither an effec- 
tive scientist, engineer, executive, economist, nor 
architect without acquiring understanding of our 
society and of human relationships.” 

The four-day program included tours, conferences, 
and athletic and social events.which are designed to 
acquaint the new students with campus and class- 
room life at M.I.T. Other high lights included a tea 
for women students, an acquaintance dance, and spe- 
cial church services and programs. The activities 
were concluded with a reception on Sunday after- 
noon, September 19, by President and Mrs. Killian. 


Harry W. Gardner: 1873-1954 


arRY W. Garpner, 94, Professor of Architectural 

Design, Emeritus, who served on the faculty of 
the Department of Architecture for 48 years before 
retiring in 1943, died on July 25, 1954. He was 81 
years old. 


Professor Gardner was born in Dover, N.H., and 


joined the Institute staff as instructor in architecture 
one year after his graduation. He was promoted to 
assistant professor in 1903, associate professor in 
1909, and professor of architectural design in 1920. 
Following his retirement, he served for one year as 
lecturer in the Department. 

Under the Austin Fellowship, Professor Gardner 
studied architecture in Sicily, Italy, France, and Eng- 
land during 1889-1900; and four years later traveled 
through these countries again as conductor of a de- 
partmental summer school. 

A member of the American Institute of Architects 
and Boston Society of Architects, Professor Gardner 
contributed greatly to the development of the De- 
partment of Architecture at the Institute. 

(Continued on page 38) 
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You need to investigate the new raw matc- 
rials being manufactured by Godfrey L. Cabot, Inc. for 
the improvement of your products. Not only does Cabot 
continue to develop new blacks...a range which 
already constitutes the world’s greatest variety . . . but 
Cabot is introducing to industry some exciting new 
white pigments and other products. In addition, there 
are pine tar products, plasticizers, clays . . . products 
you should investigate if your goal is increased sales. 
Write today for new product facts from Cabot .. . 


( ) NEW white uniform calcium silicate—Wollastonite. As an 
inert paint extender, it has more desirable properties than 
other extenders singly or combined. Excellent for dry pressing 
of wall tile and semi-vitreous ceramic products and as a min- 
eral filler for polyester resins. 


( ) NEW, almost chemically pure silica—Cab-o-sil. An “air- 
borne”’ silica for increasing the viscosity of polyester resins to 
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a desired working consistency. Also used for rubber, plastics, 
paints, varnish, printing inks, pharmaceuticals, cosmetics, 
insecticides, adhesives, floor waxes. 


NEW, almost chem ically pure, extremely fine alumina pig- 
ment—Alon C. For textiles, rubber, plastics, paints, varnish, 
printing inks, pharmaceuticals, cosmetics, insecticides, ad- 
hesives, floor waxes. 


NEW thermal carbon blacks for mechanical and extruded 
rubber goods... natural rubber tubes. As the world’s only 
manufacturer of a complete range of channel, furnace and 
thermal blacks, Cabot offers more than 44 different grades for 
use in rubber, ink, paint, varnish, lacquer, plastics and paper 
products. 


NEW plasticizers offering improved flexibility permanence— 
Cabflex ODP and Cabflex ODA and others. Two of a complete 
range of plasticizers developed for the specific improvement of 
vinyl plastics products. 


NEW Elftex carbon blacks. Fluffy oil furnace blacks spe- 
cifically developed to give letterpress inks same quality printed 


blackness previously obtained only with higher priced channel 
blacks. 


For complete information, check the Cabot products that in- 
terest you... write 


_ aa _ 
CABOT Godfr ey L. Cabot, DIAC. 77 FRANKLUN STREET, BOSTON 10, MASSACHUSETTS 


Branch Offices or Agents in all Principal Cities of the World 
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brand 
new 
world 


As a major step in its pace-setting program of 
advance planning, Martin has expanded its opera- 
tions into the field of nuclear power. 

This means that a top team of scientists, physi- 
cists and engineers is being integrated at Martin to 
carry on a planned, long-range program in this 
tremendous new science. 

‘There are exceptional opportunities for a small 


number of qualified people. 


Write to J. M. Hollyday, Box T-11, The Glenn L. 


Martin Company. 
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Revised Electrical Curriculum 


EETING at the Institute for an all-day session on 
February 11, 1954, members of the Visiting 
Committee on the Department of Electrical Engi- 
neering*® and members of the Department convened 
with James R. Killian, Jr., 26, President of the Insti- 
tute, Julius A. Stratton, ’23, Provost, and Edward L. 
Cochrane, ’20, Dean of the School of Engineering, 
who represented the Administration. 

The report of the Visiting Committee, which has | 
been summarized below, was received for publica- | 
tion in The Review on June 2, 1954. 

The morning was devoted to discussion with Gor- 
don S. Brown, ’31, Head of the Department of Elec- 
trical Engineering, assisted by key members of the 
staff who are responsible for new subjects of instruc- 
tion in the revised curriculum. The new curriculum 
of basic subject matter in Electrical Engineering is 
to be offered to all students, whereas the plan of 
previous years had provided for options in Electric at 
Power, Communications, and Electronic Applications. 

Dr. Brown gave a brief sketch of the entire Elec- 
trical Engineering four-year curriculum as now ( ac 
proposed by the Departmental Committee on Educa- 
tional Policy. Professor Ernst A. Guillemin, ’24, Tru- 
man S. Gray, ’29, Associate Professor of Engineering 
Electronics, Thomas F. Jones, ’40, Alexander Kusko, 
2-44, Samuel J. Mason, 47, David C. White, Asso- 
ciate Professors of Electrical Engineering, and Rich- 
ard B. Adler, ’48, Assistant Professor of Electrical 
Communications, then summarized for the Commit- 
tee their objectives in each of their subjects. 

The Committee found the report encouraging. Re- 
quired electrical subjects in the new program will 
comprise both classroom and laboratory instruction, 
to facilitate a broad understanding of the basic funda- | ,,, 
mentals of electrical science, and the development 
of an awareness of the creative exploitation of these 
fundamentals in engineering practice. The Depart- 
ment places great emphasis upon the laboratory 
aspects of instruction, and the Committee was en- 
thusiastic of the accomplishments in equipping and 
planning the circuit theory, electronic, and energy- , 
conversion laboratories that correlate with the class- me, 
room subjects in these areas. 

The aim in building the course of instruction is to 
preserve equal opportunity for every student with 
respect to his eventual choice of free electives in the 
senior year, and in his subsequent choice of profes- 
sional work. The offerings of professional elective 
subjects are both broad and deep, and the student 
may draw upon the resources of the whole Institute 
in the choice of professional elective subjects and not 


* Members of this Committee for 1953-1954 were: H. B. 
Richmond, 14, chairman, Francis J. Chesterman, 05, Thomas 
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J. Killian, "25, Edward J. Poitras, °28, Edwin H. Armstrong 
(deceased), James W. McRae, Gwilym A. Price, and B. { 
Richard Teare. 
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Edge Moor 
Plant 


»»-occupying 25 acres 
at Edge Moor, Delaware 
(adjacent to Wilmington) 


for the manufacture 


of towers 





...eastern headquarters for » field-erected tankage 





and exclusive conservation designs 





GRAVER TANK & MFG.CO.INC. 


East Chicago, Indiana 


CHICAGO * NEW YORK © PHILADELPHIA « EDGE MOOR, DEL. saamnii 


CATASAUQUA, PA. © PITTSBURGH * CLEVELAND + DETROIT + TULSA 
(GRAVER SAND SPRINGS, OKLA. « HOUSTON * ODESSA, TEXAS * CASPER, WYO. 
‘ LOS ANGELES * FONTANA, CALIF, * SAN FRANCISCO 
.»etank fabricators for 97 years 
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confine himself to a choice wholly from within sub- 
jects offered by the Electrical Engineering faculty. 
The Department is confident that it will prepare the 
student to be ready for service, with excellent poten- 
tial for future professional growth, in any segment of 
the broad field of electrical engineering, whether it 
be operating, manufacturing, design, or research, 
and without regard for the artificial boundaries 
established by power and frequency dimensions. 
The rebuilding of the physical structure of the lab- 
oratories is progressing rapidly, with priority given 
to equipping the new laboratories in the circuits, 
electronics, and the junior-year subject on energy 
conversion. Reconstruction of the old machinery lab- 
oratory is under way. It has not been possible to pro- 
ceed as rapidly with this phase of the effort as with 
the laboratories named above; first, because the 
present senior class [1954] needed the machinery 
laboratory to wind up their senior-year studies under 
the old program; second, because the task is difficult; 
and third, because major changes in plant layout are 
dependent upon the disposition of the Electrical 
Engineering Department Substation, which comprises 
several very large machines. Disposing of these ma- 
chines on an economical basis could not be done in a 
short period. Related to the substation problem has 


been the disposition of the network analyzer. The 
Executive Committee of the Corporation approved 
Dr. Brown’s recommendation to dispose of the net- 
work analyzer because it had ceased to be a signifi- 
cant factor in the efforts to strengthen graduate 
research in the power area. The equipment was pur- 
chased from M.I.T., and is being installed in the 
Electrical Engineering Department at the University 
of Puerto Rico. 

A substantial fraction of the faculty who normally 
would be regarded as communications specialists are 
enthusiastically participating in the work of estab- 
lishing the new energy-conversion activities on a high 
technical plane. The Department also has been 
greatly aided by the presence of Arnold Tustin of the 
University of Birmingham as Visiting Webster Pro- 
fessor. 

The accomplishment of these achievements creates 
new problems — one of which pertains to the grad- 
uate co-operative Course VI-A, leading to the master 
of science degree. Students in the regular Course VI 
program now defer their choice of academic spe- 
cialization to the senior year. Students in the co-op- 
erative course, however, declare their specialization 
during the sophomore year, because they sign up 
with a particular company or organization for a 
three-year period. 

A second problem is the responsibility of the De- 
partment in its instruction of students from other 
courses. There appears the need to review and to re- 

(Continued on page 42) 
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This is the dual destiny of the atom... 
To defend against, by the ability to deliver, massive 
atomic destruction... 
To unite all men and all nations in the peace of atomic creation. 
These general demands are reflected in specific needs for... 


Supersonic jets and rockets...nuclear powered submarines 

and aircraft...new skills “around the reactor”... 

exploration of the frontiers of aerodynamics, hydrodynamics, 
nuclear dynamics, electrodynamics. 

Since 1880, divisions of General Dynamics have pioneered the 
adaptation of new forms of energy to military and industrial uses. 
In 1954, under the group concept of “Dynamics for Defense”, they 
constitute one of the world’s great defensive and constructive forces. 
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define in terms of the present-day scientific status of 
mechanical, chemical, aeronautical engineering — to 
name merely a few — the needs of these students for 
knowledge about electrical engineering or electrical 
science fundamentals. These problems will be given 
much thought during the coming year. 

The Department appears to be vigorous and 
healthy. The Committee was impressed with the en- 
thusiasm shown by quite a number of staff members 
and especially with the high educational quality of 
the work that is being carried on in the various in- 
structional laboratories. The Department's enrollment 
is about 6 per cent over last year — approximately 
1,000 students — with the present freshman and 
sophomore classes each having about 60 students 
more than the present senior class [1954]. The grad- 
uate enrollment is about 340, and because of the 
part-time graduate status of junior staff, this registra- 
tion is about equal to 170 full-time students. 

Graduate research is maintaining a healthy pace in 
all areas, including for the first time for several years, 
graduate research in the area of energy conversion. 
Student interest in this important area is definitely 
on the increase, but the extent of the effort must be 
scaled up before the Department can claim that its 
efforts in this area are adequate. 


Geological Problems 


SSEMBLING in departmental headquarters on De- 
A cember 6, 1953, the Visiting Committee on the 
Department of Geology and Geophysics® met with 
the following members of the Administration to dis- 
cuss operations and problems of Course XII: James 
R. Killian, Jr., ’26, President; Julius A. Stratton, °23, 
Provost; George R. Harrison, Dean of the School of 
Science; and Walter H. Gale, 29, Special Assistant. 

Presented below is a summation of the Commit- 
tee’s report which was reviewed at the March 1, 
1954, meeting of the M.LT. Corporation and the 
April 2, 1954, meeting of the Executive Committee. 

(Concluded on page 44) 


®° Members of this Committee for 1953-1954 were: David 
A. Shepard, ’26, chairman, Walter J. Beadle, ’17, Cecil H. 
Green, ’23, George J. Leness, ’26, Robert H. Winters, ’33, 
E. L. DeGolyer, Hollis D. Hedberg, and Merle A. Tuve. 
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Forty-nine miles of tubing... formed into thirty-foot loops of steel... 
swooping down from a lofty perch a hundred and fifty feet in the air—super- 
heating steam to a thousand degrees—that’s a superheater, one of the principal 
components of a large modern power boiler. 


The small portion of the superheater shown above is part of a huge An eleven-ton section of the 
C-E utility boiler, the total tubing of which would reach nearly from Philadel- superheater shown above being 
phia to Washington. When completed, this boiler will produce sufficient steam hoisied into place. 
to drive a turbine-generator which, if used to supply domestic current only, 
would be capable of furnishing all the electricity needed by 680,000 average 
American homes... about 2,400,000 people. 
It takes exceptional resources of men, experience and facilities to design 
and construct such industrial giants. And that’s why Combustion Engineering 
has been called upon to build so many of the world’s largest boilers. For 
Combustion is backed by more than seventy years of experience . . . by facilities 
well able to fabricate even the largest boilers that can be built...and by a 
research and development staff working constantly to improve the design of 
steam generating and fuel burning equipment, in order to achieve lower 
fuel and operating costs. Com BU S TION 
So, whatever your steam needs, from small industrial boilers up to the 


world’s largest ...for heat, power or process ee stationary or marine use— & Py G i N E E Be , Lo G 


there’s a C-E Boiler that will meet your requirements exactly. 





Combustion Engineering Building 
200 Madison Avenue, New York 16, N.Y. 
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Professors Robert R. Schrock and Patrick M. Hur- 
ley, 40, Head and Executive Officer of the Depart- 
ment, respectively, described the departmental 
organization, courses of instruction, and the opera- 
tions and current problems of the Department. A 
report giving details of the matters presented has 
been filed with Professor Gale. 

In general, the Committee found the Department 
to be in good condition. It appeared to the Commit- 
tee that the chairman and the executive officer of the 
Department had analyzed well the problems to be 
faced, and with sympathy and help from the Admin- 
istration, were working toward a sensible handling 
of those problems. 

The Committee's discussion of certain matters 
studied at the afternoon meeting is summarized very 
briefly in the following paragraphs: 

1. The curriculum offered was discussed with a 
view to analyzing whether the balance between the 
quantitative sciences on the one hand, and the geo- 
logical subjects on the other hand, seemed proper. 
Aware of rather strong differences of opinion among 
geologists and geophysicists as to what the proper 
balance is, it was the feeling of the Committee that 
the high quality of the basic quantitative science in- 
struction given to freshmen and sophomores at the 






—SEARLITIC 


MALLEABLE AND STEEL 


COMPANY 


C A ST é ad Cleve! and 6, Ohio malleable and pearlitic malleable 
ee A ‘ — f i A-9257 





44 





Institute provided an advantage favoring the current 
curriculum over alternative ones, including additional 
geological subjects which could be introduced only 
at the expense of some of those quantitative science 
courses. This opinion was supported by belief in the 
benefits of the summer school in geology at Anti- 
gonish, Nova Scotia, and the co-operative plan in 
exploration seismology. 

2. The Committee discussed the Department's dif- 
ficulties in attracting graduate students with out- 
standing qualifications in competition with other in- 
stitutions which can provide more attractive financial 
inducements. The M.I.T. Department has no fellow- 
ships of any kind under its own control, and no un- 
restricted research funds that can be used to finance 
students. As a consequence, students who need finan- 
cial assistance tend to go to a competing institution 
which can offer such financial inducements, rather 
than to M.LT. 

3. The size of the Department's student body was 
considered in relation to the size of its faculty, the 
Department expense, and the quality of instruction 
and research by the Department. One suggestion was 
made that the student body was now somewhat too 
large, and several of the Committee expressed a more 
clearly defined opinion that the number of graduate 
students this year has been too large. Several Com- 
mittee members felt that a Department of about the 
present size and staff should be preserved in order to 
maintain the Institute as one of the leaders in the 
field of geology and geophysics. 
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A PLACE FOR GLADNESS 


(Concluded from page 28) 


Well, here is one way that we can spin into our ex- 
istence activities which yield a conscious satisfaction 
that may be built to order. 


Thrill of Membership in M.1.T. 


And now it may be proper to point out that you al- 
ready have a place for gladness which is always avail- 
able — which will always be with you and which you 
may always rely upon to bring a deep sense of satis- 
faction, of gratification, of inner enjoyment. This re- 
source is your past and present affiliations with this 
Institute. 

During our lifetimes we relate ourselves to many 
kinds of human institutions toward which we develop 
varying shades of loyalty and of affection. As you 
review your affiliations with your Alma Mater I think 
you will agree that there are few institutions with as 
fine a record for unselfish and unqualified devotion to 
the present preparation and future welfare of the 
human beings in its charge. For many years I have sat 
in Faculty meetings and in departmental conferences 
and I have never yet seen an issue discussed in which 
the progress and advancement of the student or the 
student body held anything but first position in point 
of objective. 

To march as you do, under such a lifetime banner 
should, I believe, offer a deep gratification which 
makes life the richer for you, every year that you are 
alive. 

“They were glad . “i 

Here, then, at this, your 25th reunion, with so much 
of life behind and before you, you may properly list 
and appraise these and other satisfactions to make 
sure that no useful resource has been omitted. And, 
here I would make one additional suggestion. There 
can be for each of you a deep sense of elation, of 
inner joy, when you have built within yourself a sure 
faith that Someone greater than yourself is always 
near and ready to help. Within us all there are secret 
chambers where burns a holy flame, the constant 
presence of which lifts our hearts whenever we re- 
member. 


“I was glad when they said unto me, 
“We will go into the house of the Lord.’” 


Out of the rich satisfactions springing from our 
workaday accomplishments; out of the pride and ad- 
miration which we hold for those who have “run the 
good race”; out of an awareness of life’s store of love- 
liness and beauty; out of the enjoyment of endeavor 
for endeavor's sake; out of the deeper satisfactions 
from affiliation with the Institute; out of the constant 
presence of a loving Companion, we may build into 
our hearts in the days to come, a place for gladness. 

Today, gladness is especially uppermost in your 
heart. Plan, decide, determine, if but for a moment 
each day, to give gladness a place in your life — 
tomorrow and tomorrow and tomorrow! 
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SCIENCE FOR GOOD OF MANKIND 


(Continued from page 30) 


The auditorium and chapel, now under construc- 
tion, are the latest additions to new M.I.T. buildings, 
and a dedicatory program for these new buildings is 
planned for May 8, 1955. With their completion, the 
Institute will be in a position to devote greater atten- 
tion to the spiritual life of its students. Regarding 
these new buildings, made possible by a grant from 
the Kresge Foundation, President Killian’s report 
stated, in part: 

The small devotional chapel which we are building at 
M.I.T. . . . will be in the completest sense nonsectarian, 
equally available to individuals and groups of all faiths. 
Its purpose is twofold: 

First, to stand as a symbol of the place of the spirit in 
the life of the mind and as a physical statement of the 
fact that M.I.T. has a right and a responsibility to deal 
with ideals as well as ideas and to be concerned with the 
search for virtue while we become proficient in the search 
for things. 

Second, to provide ready opportunity for students and 
other members of our community to worship as they 
choose, to have on campus a building, beautiful and 
evocative of reverence and meditation, where those who 
wish may enter and worship in their fashion. 

This twofold purpose of course includes the provision 
of opportunities for the separate faiths and groups to use 
the chapel each in their own way so long as this does not 
require special privilege. It also means that the chapel will 
be available for appropriate ceremonies such as marriages 
and other rites. The chapel will not embrace the full re- 
sponsibilities of a church and thus will not compete with 
the neighboring churches which serve members of our 
community. . 


The M.1.T. Community 


In a section of his report bearing the title above, 
President Killian took justifiable pride in pointing 
out some of the highly significant ways in which 
members of the Institute’s Faculty and staff, as well 
as its Alumni, are making major contributions to 
public or professional service: 


The professional responsibilities assumed by members 
of our Faculty and staff, and the list of visitors who come 
to the Institute, constitute together an impressive supple- 
ment to the record of the Institute’s contributions each 
vear to science and technology. A survey of Faculty and 
staff activities, for example, suggests that at least 125 
positions on national professional boards, panels, and 
committees were filled by members of this M.I.T. com- 
munity during the past year. At least 24 major medals 
and awards for personal achievements came to members 
of the staff and Faculty during 1953-1954. In addition, 
more than 30 held elective offices in national professional 
societies and their local chapters. . 


Faculty and Administrative Changes 


A section of the President’s Report dealt with re- 
cent changes in the Institute’s administrative and 
educational personnel, many of which have already 
been reported in the pages of The Review. Significant 
paragraphs in President Killian’s report, which will 

(Continued on page 48) 
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Digital 
Computer 


Techniques 


Applied to the 
) design, development and 
application of 





Military Radar 


Fire Control Systems 





Aircraft Control and 
Navigation Systems 





Electronic 
Business Systems 





The successful application of 
Hughes airborne digital com- 
puters to high speed aircraft fire 
control problems has opened up 
an entire new area for these 
digital computer techniques. 
Similar equipment is now un- 
der development in the Advanced 
Electronics Laboratory to apply 
such digital systems to modern 
business information handling. 


—) Areas include 


LOGICAL DESIGN 
COMPONENT DEVELOPMENT 
PROGRAMMING 

MAGNETIC RECORDING 
CIRCUIT DESIGN 

INPUT & OUTPUT DEVICES 
SYSTEMS ANALYSIS 


Engineers 
and 
Physicists 


Computer activities embrace sys- 
tems planning and analysis, de- 
sign and development, system 
engineering and component de- 
velopment. Experience in these 
areas, as well as in application of 
electronic digital computers, is 
desirable but not essential. Ana- 
lytically inclined men with back- 
grounds in systems work are 
required for this phase. 


, Scientijic and 
Engineering Staff 


RESEARCH AND DEVELOPMENT 
LABORATORIES 


Culver City, Los Angeles County, Calif. 


Assurance is required that relocation of applicant 
will not disrupt en urgent military project. 
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(Continued from page 47) 


bring the reader of The Review up to date on major 
changes, are given here: 

To succeed Admiral Edward L. Cochrane, ’20, in the 
key post of Dean of Engineering, the Institute is most 
fortunate in securing Professor C. Richard Soderberg, ’20, 
who, as Head of the Department of Mechanical Engineer- 
ing, has demonstrated outstanding qualities of professional 
and academic statesmanship. He brings new strength and 
wisdom to our administrative team. . . . 

Other important changes in our administrative organi- 
zation included the appointment of Robert M. Kimball, 
°33, as Secretary of the Institute. Mr. Kimball succeeds 
Professor Walter H. Gale, ’29, who asked to be relieved 
of administrative duties to devote full attention to plans 
for future development at the Institute. In his new post, 
Mr. Kimball is working with the Secretary of the Corpo- 
ration and its committees to further new undertakings of 
the Institute. He has special responsibility for relation- 
ships with the various departmental visiting committees 
and for the Committee on Development. Professor Gale 
will also continue a close association with these projects. 

Upon the recommendation of Vice-president and Treas- 
urer Joseph J. Snyder, 2-44, Paul V. Cusick and Del- 
bert L. Rhind were appointed assistant treasurers, and 
Wolcott A. Hokanson was appointed bursar to succeed 
Mr. Rhind. The Executive Committee approved the es- 
tablishment of two new posts at the Institute, the Director 
of Physical Plant and the Director of General Services. 
Carl M. F. Peterson, ’29, has been appointed Director of 
Physical Plant and R. Colin Maclaurin, a son of our for- 
mer President, Director of General Services. 

Following Professor Soderberg’s appointment as Dean 
of Engineering, Professor James Holt, 19, Executive Of- 
ficer of the Department of Mechanical Engineering, be- 
came acting head; later in the year Professor Jacob P. Den 
Hartog, who is widely known for studies in applied me- 
chanics, was named to be in charge of the Department. 

Other major administrative changes during the year 
included the appointment of Philip A. Stoddard, *40, as 
Associate Placement Officer; John W. Sheetz, 3d, *42, to 
succeed Mr. Stoddard as Assistant to the Director of Gen- 
eral Services; Bruce F. Kingsbury, 2-44, as Executive Sec- 
retary of the Educational Council; J. Francis Reintjes as 
Director of the Servomechanisms Laboratory; and George 
E. Valley, Jr., ’35, as Associate Director of the Lincoln 
Laboratory. 

Upon the retirement from active duty of Colonel 
Charles F. Baish, ’21, Colonel Charles M. McAfee, Jr., 
became head of the Department of Military Science. Dr. 
Dana L. Farnsworth has resigned as Medical Director, 
having developed here a vigorous and effective health 
program for our entire community, and Dr. James H. 
Means, 06, has become Acting Medical Director. . 


Unsolved Problems—Unfinished Business 


An important problem confronting all colleges is 
the increasing rate of cancellations on the part of those 
admitted to study. As against an average shrinkage of 
35 per cent for the nation’s colleges as a whole, 48 
per cent of the students accepted by M.I.T. last year 
failed to register. One of the principal reasons for the 
low yield in freshman registration has been the ten- 
dency of applicants to apply to more than one insti- 
tution and then to postpone making a choice until the 

(Continued on page 50) 
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“The day 


my sons future 
began’ 


“Ken knocked around quite a bit after col- 
lege. Tried several jobs and did well. But he 
was never really satisfied. He’d either get 
bored with the work or frustrated with rou- 
tine advancement. | didn’t worry though. 
He’s bright, sensible, and I knew he’d estab- 
lish himself soon enough. 


“Then, about a month ago Ken breezed 
into my study and somewhat breathlessly 
announced that he’d decided to go into the 
life insurance business. Before I could even 
look surprised, he explained that he had al- 
ways been interested in people and that this 
would give him an opportunity to work more 
closely with them. And his eyes brightened 


NEW YORK LIFE 


INSURANCE COMPANY 


esate ren” 





The New York Life Agent in Your Community 
is a Good Man to Be! 
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when he pointed out how, as an agent, he’d be 
his own boss—running a business all his own. 


“He went on at a mile-a-minute explaining 
how he’d be thoroughly trained by New York 
Life experts—with a good salary while learn- 
ing. How he figured that once he was on his 
own he’d be able to give his future family the 
same kind of comfort and security he had 
always known at home. And he wound up 
telling me how, someday, he hoped to retire 
with a good income— just as I will soon myself. 

“Then, quick as he came, Ken up and left 
without even asking what I thought. But of 
course he already knew. How could another 
New York Life agent possibly disagree?” 


MAIL THIS COUPON TODAY! 


New York Life Insurance Company, Dept. A-2 

51 Madison Avenue, New York 10, N. Y. 
Please send your new booklet, “A Good Man To Be,” with full 
information about career opportunities with New York Life. 
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SCIENCE FOR GOOD OF MANKIND 


(Continued from page 48) 


last minute. President Killian also called attention to 
the growing competition among applicants for schol- 
arship assistance. Although no easy way of meeting 
these problems is at hand, better counselling in the 
secondary schools may minimize the seriousness of 
the first problem. The second problem is being studied 
by the College Scholarship Service under the sponsor- 
ship of the College Entrance Examination Board, 
with which M.I.T. is co-operating. 

Other problems confronting the Institute were also 
mentioned by Dr. Killian in his annual report: 


Corporation visiting committees have made numerous 
recommendations for expenditures in behalf of academic 
departments which we have so far been unable to cover. 
These include $40,000 for the completion of essential 
equipment in the Hydrodynamics Laboratory, $50,000 
for equipment in the Food Technology Laboratories, and 
$75,000 for equipment in the Metals Processing Labora- 
tory. I have spoken elsewhere of our need for funds to 
establish a solid program in psychology and “freedom 
money” to enable members of the staff to do those valuable 
things which cannot normally be charged to available 
funds but which will contribute to their professional de- 
velopment. 

One of the most critical needs in a specific field at the 
Institute is for more adequate financing of our Depart- 
ment of Food Technology — a department which is now 
too dependent upon current funds. Indeed, we have many 
such enterprises at the Institute which are too dependent 
on current funds for support. In the immediate years 
ahead we must seek to secure funds to insure more sta- 
bility for their activities. This is one of the reasons why I 
stress year in and year out the need for increased endow- 
ment. I do not contend that endowment is the whole 
answer to our financial problem or that we should seek 
to be relieved of the responsibility of demonstrating year 
in and year out that we can justify current support; our 
problem is, rather, that the Institute in its rapid develop- 
ment during recent years has outgrown even the minimum 
amount of endowment that it should have to provide the 
necessary stability and particularly to cover its permanent 
tenure commitments. . 


In Conclusion 


The concluding paragraphs of President Killian’s 
report to the Corporation state: 
These notes on the past and the future of our institution 
are colored at every point by the catastrophe of Karl 
(Concluded on page 52) 
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What 1s Your 


taxable 
estate? 


Your taxable estate may be much larger than 
you think — after you've added together the 
value of all its parts. 

Your taxable estate will probably include 
property you own jointly, and the face value of 
your life insurance. These will be added to all 
the property that will pass under your will. 

It’s important to know the size of your gross 
taxable estate. That will give you an idea of the 
tax your estate will have to pay. Then, through 
a revision of your present estate plan, you may 
be able to cut the tax now indicated. It may 
even be possible to eliminate the tax entirely. 

If you’re married, you want to be sure that 
you take full advantage of the estate tax marital 
deduction. 

Whether you're married or not, you can take 
steps now to eliminate “double” estate taxation. 

You can make your own estimate of your 








taxable estate by using our folder, “How Much 
Will Taxes Shrink Your Estate?” Some possi- 
bility of tax saving might well be indicated. 
We'll be glad of the opportunity to consult 
with you and your lawyer about new arrange- 
ments for your property that might reduce 
your taxable estate. 

Visit our Trust Department, second floor, 
135 Devonshire Street, and ask for “How Much 
Will Taxes Shrink Your Estate?” Mr. Stocker, or 
one of his associates, will gladly give you a copy. 





She 
New England Trust Company 


Member 135 DEVONSHIRE STREET 
Federal Deposit At the Corner of Milk Street 
Insurance Corporation BACK BAY BRANCH : : 99 NEWBURY STREET 
Boston, Mass. 





Established 1869 
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The Most Complete 
and Modern 
Die-Casting Facilities 
in New England 





Our latest type high pressure 
Lester Phoenix machines insure 
precision low-cost castings. 

You can depend upon our proven 
know-how to design and develop 
your most intricate castings. 
Ask to have the Mason represent- 
ative call, or send us your prints. 
Our Engineering department will 
give every request, whether large 
or small, conscientious prompt 
attention. 


L. E. Mason is an approved source 
for America’s leading manufacturers, 


L. E. MASON CO. 


BOSTON 36, MASS 
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SCIENCE FOR GOOD OF MANKIND 
(Concluded from page 50) 


Compton’s death. So much of what the Institute means to 
those who study and work here and to the public, so much 
about it that is beloved and admired, reflects his influence 
and his leadership. In contemplating the loss we have 
suffered we can overcome the deep sense of tragedy only 
by realizing the permanence of his contributions. The 
Massachusetts Institute of Technology will always reflect 
his greatness and each of us who knew and worked with 
him will have a sense of gladness in having been associ- 
ated with him. Could he do so, he would be the first to 
stress the motto inscribed in the marble fireplace in his 
office: “Alia initia e fine.” Thanks to him there will be 
many new beginnings. 

One word more. In all of Karl Compton’s career at the 
Institute and in all that he did for it he was supported and 
assisted by Mrs. Compton. She too has helped to make 
this institution a nobler, happier and friendlier place, and 
the combination of Karl and Margaret was a partnership 
greater than the sum of its parts. We hope that Mrs. 
Compton will long maintain her close association with 
the Institute community, assured that she is beloved and 
cherished as a member of the Institute’s family. 


All in all, Dr. Killian’s annual message to members 
of the Corporation of M.I.T. presented a stimulating, 
thought-provoking analysis of current conditions and 
future aspirations of the Institute. It differs from 
similar reports of the past in the extent to which it is 
concerned with the spiritual side of man’s education, 
in the recognition that study of the physical sciences 
can be —and at M.I.T. is—a broadening influence, 
and in the emphasis it places on the need for public 
recognition of the manifold beneficent uses of science. 
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an entirely different kind of shirt 
that may completely change 


a man’s thinking about 


We sincerely believe this remarkable Brookscloth—a new conception of broad- 
cloth developed by Burlington Mills for Brooks Brothers—is going to change 
the thinking of thousands of men about shirts. For it is substantially different 
from any shirt they have ever worn. 

The secret lies in the perfected new blend of Dacron* and Egyptian cotton. 
It looks neater longer. In fact at the end of a long day it’s practically as fresh 
as it was in the morning! Added to this are the undeniable virtues that it can 
be put right into a washing machine, needs no pressing and dries in just about 





. @ no time at all. The fact that it will take long hard wear will make no enemies. 


; These unusually attractive shirts are made by our own skilled shirtmakers 


RANE ae TOUS Aa 


...in our distinctive button-down and plain collar styles. 


And, of course, they are sold exclusively by Brooks Brothers. 


i 


In Our Button-Down Collar Style. White or Blue, $10.50 
In Our Plain Collar Style, with Collar Stays. White, $10.50 
Sizes 14-32 to 17 ¥2-36. Mail orders carefully filled. 





| C@CLOTHINGS)) 
Mens Furnishings, Hats ¢ Shoes 


NEW YORK * BOSTON * CHICAGO » LOS ANGELES » SAN FRANCISCO 
|ddress Mail Orders to Dept. G, 346 Madison Avenue, New York 17, N.Y. 


* Trade-mark tDu Pont’s fiber 
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BANKING for BUSINESS 


It is a source of gratification to us to have 
so many varied industries represented 
among our customers. We are especially 
proud of our intimate and long-continued 
banking relationships with firms and _ indi- 
viduals in such key lines, to name only a few, 
as: 

Metal Goods 
Food Products 
Textiles 

Coal and Oil 
Plastics 


Airplane Parts 
Rubber Products 
Transportation 
Clothing 

Leather and Shoes 


Electronics 
Machinery 
Chemicals 
Contracting 
Engineering 


If you would like to do business with a bank which 
is thoroughly experienced in meeting the bank- 
ing problems of commerce and industry, 
you are invited to make use of the 
various services which we provide. 


Giate Street Crust Company 
BOSTON, MASS. 
Main Office: Corner State and Congress Streets 
Union Trust Office: 24 Federal St. 


Copley Square Office: 587 Boylston St. 
Mass. Ave. Office: Cor. Mass. Ave. and Boylston St. 


Member Federal Deposit Insurance Corporation 


FRESH WATER FROM THE SEA 
(Continued from page 20) 


narrow channels for the flow of water (see Fig. 5). 
Salt water is fed into every second passage, where- 
upon the applied electrical potential causes the posi- 
tive ions to move out through the negatively charged 
sheet on one side, and the negative ions to move out 
through the positively charged sheet on the other 
side of the salt-water channel. The ions of both types 
then appear in the second set of water channels and 
recombine to form salt. The net result is that the 
water in one set of water channels becomes depleted 
of salt and purified, while the salt concentration in- 
creases in the other set of water channels. The prin- 
cipal need for electric power is to cause motion of 
the salt ions — almost none is used to neutralize the 
electric charges on the ions, as in ordinary electroly- 
sis. Because of this, power requirement is reduced. 
Ionics, Inc. of Cambridge, Mass., has developed 
not only the ion-selective membranes but new equip- 
ment and processes for their application. Medium- 
sized units for purifying brackish water have been 
built and operated successfully, but no large-scale 
de-salting of sea water has yet been attempted. The 
process is being continually improved, and it is dif- 
ficult to predict with assurance the ultimate cost of 
obtaining fresh water from the sea by this method. 
Widely differing estimates have been made for the 
treatment of sea water by this method. Ellis esti- 
mates the total costs for a very large plant to be 
(Continued on page 56) 
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Here's an opportunity for ad- 

vanced microwave work with a 

company run by and for engineers. Your position 
is stimulating and your advancement gratifying 
when you join like-minded professional men at 
Airtron, Inc. Secure your place in a field with a 
future by joining one of America’s leading designers 
and producers of microwave relay and radar 
components. 


Profit sharing plan. 








Subsidized tuition for advanced study. 


Ideal suburban location in Metropolitan New 
York area. 


Excellent schools and recreational facilities. 


uth Wh = 


All the other usual benefits . . . paid holidays, 


vacations, credit union, etc. 


Write or call Mr. A. Eckerson, Industrial Relations 
Director, LInden 3-3762 


1101 West Elizabeth Ave. 
Linden, New Jersey 
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A New England Mutual agent ANSWERS SOME QUESTIONS about 


ow the new tax law benefits 


life insurance policyholders 
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THE VOICE OF EXPERIENCE in the technical aspects of 
life insurance is well typified by William H. MeCoy of 
Detroit, currently president of New England Mutual's 
Leader's Association. A Nebraska farm boy, “Mac” 
joined the company in 1920 after Army service in 
World War I. His skill in solving knotty personal and 
business estate problems is the result of lifelong study. 
The same sort of skill is available through hundreds of 
other highly-trained New England Mutual agents 
throughout the U.S. A. 
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**“What does the new law do to cut down estate taxes?’’ 


Under the new law, insurance payable to named benefi- 
ciaries — in which the insured has no ownership rights — 
is not taxable in the insured’s estate merely because he 
paid the premiums. This means you ean provide your wife 
with non-taxable life insurance with which she can pay 
federal estate taxes. 


**Is it any more feasible now for a partnership, as an 
entity, to purchase life insurance?”’ 
Yes, for tax purposes, a partnership won't necessarily end 
when a partner dies or withdraws. Also, the danger of tax 
liability on the death proceeds of partnership-owned in- 
surance policies has been removed by new exceptions to 
the “transfer for value” rule. 


**Will corporations now find more Seateny to pro- 
vide for stock redemption threugh life insurance to 


pay death taxes?”’ 


The new law considerably liberalizes the circumstances 
under which such a redemption will escape tax. It also 
permits tax-free redemption to get cash for funeral and 
administration expenses. Thus life insurance can be used 
favorably in more situations, and additional coverage 
may be desirable for existing agreements. 


**What help can I get in deciding technical questions 
about life insurance?”’ 
You're invited to use the expert knowledge of a carefully 
selected and trained group of New England Mutual 
men who are specialists in this field. Our first advice, how- 
ever, is for you to ask your attorney how the law affects 
your particular situation. Then the New England Mutual 
agent will work with him to fit life insurance into the picture 


m NEW ENGLAND MUTUAL 


Life Insurance Company of Boston 


TUE COMPANY THAT FOUNDED MUTUAL LIFE INSURANCE IN AMERICA~1835 


INDIVIDUAL AND GROUP LIFE INSURANCE AND ANNUITIES 
FOR PERSONAL AND BUSINESS PROTECTION, AND RETIREMENT 


For more information, mail coupon. Without obligation, on my 
part, please have a qualified New England Mutual representa- 
tive explain how life insurance may be used to improve my personal 
or business situation under the new tax law. 


New EnGLanp Mutua. — P. O. Box 333-M1, Boston 17, Mass. 
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MELPAR 
A COMPLETE FACILITY . . . . 


has unusual advantages to offer 
qualified engineers 


RESEARCH e DEVELOPMENT e 
DESIGN e PRODUCTION 


Measuring Techniques and Fundamental Investigations of the Be- 
havior of Mechanical Systems. 

Radioactive Tracer Techniques. 

Instrumentation and Control Devices (servo, pneumatic and electric 
control). 

Network Theory 

Data Handling Equipment (magnetic cores, magnetic recording 
equipment, digital computing techniques, analogue to digital conver- 
sion shaft digitizers). 

Flight Simulation (servo-mechanisms, pulse circuitry, electronic ca- 
bling). 

High Frequency Antennas. 

Audio and Video Circuit Designs. 

Small Mechanisms Design. 

Mechanical Packaging of Electronic Components. 

Design of Reciprocating Compressors, Hot Gas Generators and Diesel 
Engines. 


Please send inquiries for additional 
information to 


DEPT. T.P.101 
MELPAR, INC. 
452 SWANN AVENUE 
ALEXANDRIA, VIRGINIA 





462 SWANN AVENUE @ ALEXANDRIA, VIRGINIA 

11 Galen Street ¢ Watertown, Mass. 
A SUBSIDIARY OF THE 

WESTINGHOUSE AIR BRAKE COMPANY 





FRESH WATER FROM THE SEA 
(Continued from page 54) 


$0.32 per 1,000 gallons fresh water.* This is based on 
a power consumption of 20 kilowatt-hours per 1,000 
gallons at 0.5 cent per kilowatt-hour. The estimated 
power consumption may be optimistic, but the figure 
of $0.32 for sea water is not much out of line with 
another estimate of $0.10 per 1,000 gallons for fresh 
water from Texas brackish water containing 10,000 
parts per million of salt (a little less than one third 
the salt content of sea water). This latter figure, ap- 
pearing in the 1954 report of the government Saline 
Water Program,'' assumes power at 0.3 cent per 
kilowatt-hour, and lower amortization rates than 
Ellis. On a basis comparable to Ellis’, this figure 
might become $0.40 starting with sea water. Ionics, 
Inc., however, is quoted by Representative Arthur L. 
Miller of Nebraska® as estimating the cost of water 
from sea water at $1.50 per 1,000 gallons using 
present resin membranes, and $0.40 using “ideal” 
membranes. 

The cost which may reasonably be attained doubt- 
less lies somewhere between these limits — perhaps 
in the range of $0.75 to $1.00 per 1,000 gallons. If so, 
the process is evidently the cheapest of any which 
have been operated on a commercial scale for the 
production of fresh water from sea water. 


Other Methods 


Literally dozens of physical phenomena may be 
employed as the basis for separating water and salt, 
and there are hundreds of patents relating to the pro- 
duction of fresh water from the sea. Some involve 
gravity effects, with or without the help of electricity, 
using either natural gravity or a centrifuge. One 
patent proposes that sea water be heated to a high 
temperature at several thousand pounds pressure 
under which conditions distillation may be accom- 
plished without supplying any heat of vaporization. 
Solid adsorbents have been proposed, although it 
might seem more difficult to remove the salt or water 
from the adsorbent than from the original sea water. 
Experiments have been made with thermal diffusion, 
the process employed on an experimental scale for 
the separation of uranium isotopes. This scheme 
proved too expensive for the Manhattan District, so 
would appear to be impractical for cheap water. 
Other proposals involve the use of ultrasonics, ultra 
high-frequency electrical energy, streaming poten- 
tials, electrostatic and electromagnetic effects. 
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CAMBRIDGE, Mass. 


By the Common facing Harvard and Radcliffe Colleges. 


315 rooms including transient as well as housekeeping units 
of 1, 2, 3, and 4 rooms completely furnished. 


Colonial Dining Room—Cocktail Lounge—9 Function Rooms 
accommodating up to 450 persons. 


Ten minutes by bus from M. I. T. 
Headquarters for Rotary, Kiwanis, Exchange and Quota Clubs 
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The high cost of getting fresh water from the sea 
by known and developed processes is discouraging, 
and the obstacle in the way of progress towards 
really cheap water is the lack of good new ideas. In 
this situation the government has wisely allocated 
a modest amount of money to support research on 
new processes, with the idea that government sup- 
port of an inventor's concept in the early stages of 
its development may carry it to the point where com- 
mercial development is warranted. These research 
grants are administered by the Saline Water Conver- 
sion Program of the Department of the Interior. The 
availability of funds and publicity‘ regarding the 
problem have already stimulated a number of new 
and promising ideas, though the program has been 
under way less than two years. 

One of these government-supported research 
studies"! is giving a new look at an old idea — that 
pure water can literally be pushed out of salt water 
by forcing it through membranes permeable to water 
but not to salt. Such membranes exist, and the use 
of one of the many new plastics may make the 
scheme practical. The idea is to reverse the familiar 
laboratory demonstration of osmosis (see Fig. 6). A 
bulb covered with a porous membrane is attached to 
the end of a long open tube containing salt solution, 
and the bulb end of the tube is dipped into pure 
water. The water is found to pass into the salt solu- 
tion in the tube, and the flow does not stop until 
the level of the solution in the tube rises many feet 
above that of the water into which the tube is dipped. 
The hydrostatic pressure of the column of solution 
is the osmotic pressure, which for sea water is 350- 
400 pounds per square inch. The process can be re- 
versed by applying pressure to the open top end of 
the tube, and water forced out of the solution. The 
solution in the tube then becomes more concen- 
trated, since the salt cannot get through the mem- 
brane coating the porous bulb. 

The theoretical minimum power to pump the water 
through the membrane is 2.8 kilowatt-hours per 1,000 
gallons, as for all other processes. The actual power 
must be greater in order to obtain reasonable rates 
of passage of water through the membrane, and the 
possibility of low actual power costs competitive with 
other processes will depend on the development of 
membranes which are not now known. Chances of 
success are not great, but the idea is sound. 

It is a sad commentary on the state of science that 
we do not know how to perform the common opera- 
tion of separating a salt from water without using 


(Continued on page 58) 
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Insignia Worsteds 





The fabrics for Insignia Worsted Suits are 
loomed in England and are outstanding for 
unique pattern work and outstanding for tex- 
tural quality. These rich fabrics have received 
the expert tailoring touch of Michaels-Stern, 
which gives them that neat, smart, trim appear- 
ance that belongs only to the better quality 
worsteds. 


$75 


3-MONTH PAYMENT PLAN AVAILABLE 


Dunster St. Worsted $58.50 New Yorker Worsted $65 
Fashion Park Worsted $85 
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Tech Men please note that membership in The Tech- 
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FRESH WATER FROM THE SEA 


(Continued from page 57) 


several times the theoretical minimum power. If the 
research on methods of purifying sea water leads to 
improvements in this situation the results will find 
wide application in many industrial processes. 


Summary of Costs 


Although cost figures for producing fresh water 
from the sea have been suggested for several of the 
principal processes, it must be admitted that these 
are little better than rough estimates. Published cost 
figures for these processes are based on widely vary- 
ing costs for power and amortization, and the basis 
for each estimate must be scrutinized before the 
result can have meaning. The figures listed in the fol- 
lowing table are based on power at 0.5 cent per kilo- 
watt-hour, steam at $0.60 per 1,000 pounds, and fixed 
charges at 15 per cent per year: 


Total Cost 
$ per 1,000 Gallons 


Simple distillation 5.00-—10.00 
Multiple effect distillation 3.80 
Vapor-compression distillation 1.70 
Solar distillation 2.85 
Freezing 0.75-1.25 
Chemical precipitation 30.00 
Ion-exchange resins 20.00 
Ion permeable resin membranes 0.75-1.00 


The estimates for simple distillation, ion exchange, 
and chemical precipitation do not have to be close, 
since the costs are prohibitive on any basis. The esti- 
mates for multiple effect distillation and vapor com- 
pression distillation are fairly reliable (probably 
within 25 per cent) since these processes have been 
used on a large scale. The figure for solar distilla- 
tion is probably low on the basis of present costs of 
collectors, but new collector designs might change 
this picture somewhat. The cost for the freezing 
process is only a very rough guess and is doubtless 
low, since the method has never been employed on 
a commercial scale. The estimate for the resin mem- 
brane method may be off by 30 per cent, but is close 
enough to suggest that this is one of the cheapest of 
presently developed methods. 

(Concluded on page 60) 
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Engineers 


| HARRISBURG, PA. 


Branch Offices: 
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Imported Wedgwood Plates carrying eight drawings of M.LT. by the internationally- 
known artist Samuel Chamberlain ’18. The back of each plate carries a description of the 
scene and a facsimile of the signature of Samuel Chamberlain. The eight views: 


Dome from the Great Court Baker House 

DuPont Court Walker Memorial 

President's House Sloan Building 

Rogers Building Charles Hayden Memorial Library 
a ee ere ee $24.50 


(Or $12.25 per set with order and balance sixty days.) 
Postage prepaid in U.S. and Canada 
NUMBERED SETS ON BONE CHINA 
The finest white Bone China with a formal gold banding on the rim and another circling 
the center view, the shoulder between being given a cream tint. 
Numbered Set of 8 on Bone China ................... $85.00 
Postage prepaid in U.S. and Canada 





CHRISTMAS DELIVERY WEDGWOOD — CHAMBERLAIN 
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Enclosed find my check payable to “Alumni Association of 
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Srey Sets of 8 on Queen’s Ware @ $24.50 
(Or $12.25 per set with order and balance sixty days.) 
ie bora Sets of numbered Bone China @ $85.00 
(Full payment with order) 
Ship to: 
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Capacity 
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LIQUID s 


CONTRACT MANUFACTURING DIVISION 





<—@ Capacity and manpower avail- 
able on Machine Shop, Sheet Metal and 
Woodworking facilities for industrial or 
defense contracts. 


Write for illustrated booklet “Special Con- 
tract Department” which lists and describes 
facilities. 





Contract Manufacturing Division 





THE LIQUID CARGONIC CORPORATION 
3100 Seuth Kedzie Ave. Sree %. Minois 
Manufacturers of Brewing one Bottling “ 





Gas Welding Equipment, CO. Gas, Dry ice, Oxygen" ae ‘Medical Gases 






THE ORIGINAL SWING BOOM MOBILE CRANE WITH 
FRONT-WHEEL DRIVE AND REAR-WHEEL STEER 


IKOR/AUME IKAUR 


MOVES LOADS 
EASIER - FASTER - 
SLASHES COST OF 
MATERIALS HANDLING 














At your service 24 hours 
every day because it is gas- 
oline-powered (no layups 
for battery charging).Works 
inside and outside your 
plant. KRANE KAR serves 
also as an auxiliary to ex- 
isting crane facilities . . . 
and as an emergency tool 
for plant maintenance. Let 
Gas or Diesel. Pneumatic or solid us show you. Ask for Bulle- 


rubber tires; 9 to 37 ft. booms or tin No. 79 or for a Sales- 
adjustable telescopic booms; elec- Enai 

tric magnet, clamshell bucket, and ngineer. 
other accessories available. 12, 2%, 5 and 10 ton capacities. 


SILENT Hoist & CRANE Co. 


891 63rd ST., BROOKLYN 20, N. 
Eric Martin Wunsch, Il, '44 Jim Beach, Il, '50 


KRANE KAR handles loads at 
Sides as well as at Front. 
® 
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FRESH WATER FROM THE SEA 
(Concluded from page 58) 
Conclusion 


In the earlier discussion two cost targets were 


suggested: the figure of $0.084 per 1,000 gallons of 


fresh water, which might be considered as the ulti- 
mate and quite nebulous possibility, and the figure 
of $0.40 per thousand, which is about the top figure 
which communities now pay. Estimated costs of the 
resin-membrane and vapor-compression distillation 
processes are within two to fourfold of the second 
target where sea water is used, and the resin mem- 
brane method can probably meet the $0.40 figure in 
producing fresh water from many types of western 
brackish water. 

As the water situation gets progressively worse, 
water from sea water can be made available at prices 
which many users will be willing to pay. Processes 
exist for the alleviation of serious water shortages, 
albeit the investment in plant will be very large. 

The situation in regard to irrigation water is quite 
different. The average value of the crops produced 
on irrigated land is estimated to be only $0.10 per 
1,000 gallons of water used,"® so it seems evident that 
even if the ultimate target of $0.084 per 1,000 gallons 
were reached, and this appears highly unlikely, fresh 
water from the sea will not be used for irrigation of 
the average crop. 
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Lloyd Nolan as Capt. Queeg in a scene 
from the Broadway stage hit, “The Caine Mutiny Court 
Martial,” at the Plymouth Theatre, New York. 





HINDE & DAUCH 


SANDUSKY, OHIO 








The TREDENNICK-BILLINGS CO. 
Construction Managers Building Construction 


K. W. RICHARDS '07 H. D. BILLINGS ‘10 Cc. C. JONES "12 F. J. CONTI °34 


10 HIGH STREET BOSTON, MASSACHUSETTS 
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Lord Electric Company 


INCORPORATED = 
FOUNDED BY F. W. LORD, M.L.T. 93 







1895 ELECTRICAL CONSTRUCTION 1954. 
131 Clarendon Street 10 Rockefeller Plaza 140 Stanwix Street 
Boston 16, Massachusetts New York 20, N. Y. Pittsburgh “22, Pa. 
Telephone COmmonwealth 6-0456 Telephone Clrcle 6-8000 Telephone COurt 1-1919 
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HOLMES & NARVER, INC. 


ENGINEERS + CONSTRUCTORS 


JAMES T. HOLMES 
M.I.T. "14 


D. LEE NARVER 
STANFORD ‘14 


828 S. Figueroa St., Los Angeles 17, California 


Telephone TRINITY 8201 








SYSKA & HENNESSY, INC. 


Engineers 


DESIGN °* 


POWER PLANT * 


CONSULTATION * REPORTS 
WASTE DISPOSAL * WATER SYSTEMS 


New York City 








CHAUNCY HALL SCHOOL 


Founded 1828. The School that specializes in the preparation 
of students for the Massachusetts Institute of Technology. 


Ray D. Farnsworth, Principal 533 Boylston Street, Boston, Mass. 














LEONARD CONSTRUCTION COMPANY 


Engineers and Contractors 
SINCE 1905 
IN THE AMERICAS AND FAR EAST 


37 South Wabash Ave. 
Chicago 








PROCESS OF AGING 
(Concluded from page 22) 


a leading authority, by a regimen throughout life 
which maintains good circulation through regular ex- 
ercise, by the avoidance of dangerous obesity, and by 
the prophylaxis and proper treatment of infections 
of the bronchi and lungs and asthmatic conditions. 
Physical activity is desirable and necessary for persons 
of all ages, including the elderly, but it should, of 
course, be sensibly adapted to the age and physical 
capacity of the individual. A person 50 or 60 obvi- 
ously cannot and should not participate in the same 
type of strenuous physical activity that may be appro- 
priate for a person of 20 or 30. Necessary indulgence 
in exercise may be one of the reasons why the rural 
population tends to remain healthier and live longer 
than the more sedentary and more excitable urban 
population. 

Another potent procedure in the endeavor to defer 
the encroachment of baleful old age is the annual 
physical examination. If everyone would adopt the 
salutary custom of going to a competent physician at 
least once every year for a complete medical overhaul, 
or physical appraisal, minor defects and _ troubles 
could be detected and corrected before they have the 
opportunity to become serious. Experience has shown 
that practically nobody over the age of 40 will be 
found in a state of perfect health, although some 
patients may approach it. The annual health examina- 
tion, if properly conducted and adequately followed 
up, makes a real and substantial contribution to per- 
sonal and public health. 

As pointed out in a previous article,t the United 
States is rapidly becoming a nation of older people. 
More than 8 per cent of our population, or about 13.4 
million persons were aged 65 or over in 1953, and of 
these somewhat more than one third were 75 or more. 
The enrichment of old age in this country is, there- 
fore, a matter of great sociological and economic, as 
well as medical and biological significance. At least 
one fifth of the men and one half of the women who 
have now attained 65 years may expect to survive 
beyond the age of 80. 

“Grow old along with me!” wrote Robert Browning 
in his Rabbi Ben Ezra, “The best is yet to be, the 
last of life, for which the first was made.” Old age is 
an interlude in life which can be, and should be 
reasonably productive, gracious, and salubrious. 


t Tobey, James A., “Is There a Limit to Human Life?” Tech- 


nology Review, 56:349 (May, 1954). 








N. A. LOUGEE & COMPANY 


ENGINEERS AND CONSULTANTS 
@ 


Reports—Appraisals—Depreciation Studies 
Rate Cases—Business and Economic Studies 

















120 BROADWAY NEW YORK 5, N.Y. 


N. A. LOUGEE ‘11 L. A. MATTHEWS ‘13 
J. W. McDONALD, Jr. ‘20 B. F. THOMAS, Jr. ‘13 
E. S. WEST ‘40 


























TACONIC FARMS, INC. 


Laboratory Animals 





Germantown, N.Y. 


Robert K. Phelan °30 
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PROFESSIONAL CARDS 





JACKSON & MORELAND 


Engineers and Consultants 





DESIGN AND SUPERVISION OF CONSTRUCTION 


REPORTS—EXAMINATIONS—APPRAISALS 





MACHINE DESIGN—TECHNICAL PUBLICATIONS 
BOSTON NEW YORK 


FAY, SPOFFORD & THORNDIKE 


Engineers 
John Ayer, "05 Ralph W. Horne, *10 
Bion A. Bowman, °09 William L. Hyland, °22 
Carroll A. Farwell, ‘06 Frank L. Lincoln, U. of Me., °25 


Howard J. Williams, °20 


AIRPORTS BRIDGES — TURNPIKES 
WATER SUPPLY, DRAINAGE AND SEWERAGE 
PORT AND TERMINAL WORKS 


BOSTON NEW YORK 





LESSELLS AND ASSOCIATES, INC. 
Research—Development—T esting—Consultation 
Mechanical Engineering—Mathematical Physics 
Electronics 
Write for Brochure 


916 Commonwealth Avenue Boston 15, Mass. 
BEacon 2-2380 

P. E. Kyle °39 T. A. Hewson “45 Cc. H. Kano ‘43 

R. F. Brodrick °48 A A. Kheiralla °47 





Eapir, FREUND AND CAMPBELL 
CONSULTING ENGINEERS 
500 FirrH AVENUE New York 36, N. Y 
Mechanical — Electrical — Sanitary 
Air Conditioning — Power — Process Layouts 


J. K. Campbell, M.1.T. 711 


CLEVERDON, VARNEY & PIKE 
Consulting Engineers 
Hersert S. CLevERDON *10 Watpo F. Pike 715 
Structural Designs Foundations 
Heating Ventilating and Plumbing Designs 
Industrial Buildings, Reports, Investigations 


120 TREMONT STREET BOSTON 8, MASS. 





MAURICE A. REIDY 


Consulting Engineer 
BRIDGES BUILDINGS 
STRUCTURAL DESIGNS FOUNDATIONS 
CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 
Estimates and Appraisals 
101 TREMONT STREET BOSTON, MASS. 





GIVEN BREWER 


Consulting Engineer 


Electric Strain Gage Analysis @ Stress Analysis 
MARION, MASS. TEL. 103, 110 


G. A. Brewer °38 





THE KULJIAN CORPORATION 
Consultants e Engineers e Constructors 
UTILITY e INDUSTRIAL e CHEMICAL 
1200 N. Broad St., Phila. 21, Pa. 


MEXICO CITY + CARACAS + MADRID + ROME + ATHENS + TOKYO 
* CALCUTTA + 
H. A. Kuljian °19 A. H. Kuljian "48 


CHARLES NELSON DEBES AND ASSOCIATES 
ENGINEERS AND CONSULTANTS 
Architectural — Mechanical — Electrical — Structural 
Management — Plant Layout — Material Handling 
Acoustical 
ROCKFORD TRUST BLDG. ROCKFORD, ILL. 
C. L. Emery °32 C. N. Depes °35 R. S. KNOwLAnNp 740 








FABRIC RESEARCH LABORATORIES 


Incorporated 


Research, Development and Consultation 
for Textile and Allied Industries 


665 Boylston Street Boston, Mass. 


W. J. Hamoevncer, °21 K. R. Fox, 40 E. R. Kasweit, "39 


Moran, Proctor, Murser & RUTLEDGE 


CONSULTING ENGINEERS 


Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 


Wittiram H. Mueser °22 Pup C, Rutrepce °33 





CHARLES A. Macuire & ASSOCIATES 
ENGINEERS 


PROVIDENCE Boston 





GILBERT ASSOCIATES, INC. 
ENGINEERS * CONSULTANTS * CONSTRUCTORS 
607 WASHINGTON ST. 
READING, PA. 

Malcolm G. Davis ‘25, Vice President Allen W. Reid “12, E. C. Edgar ‘35 
Steam, Hydro, Diesel Power Plants; Industrial Structures; 
Plant Safety, Labor Relations, Utility Rates, Valuations, 
Reports; Large Scale Purchasing; Industrial Laboratory 

New York ¢ Philadelphia * Washington 


NOVEMBER, 1954 





CapitoL ENGINEERING CORPORATION 
CONSULTING ENGINEERS 
Design and Surveys 
Roads and Streets 
Sewer Systems Water Works 
Planning Airports 
Bridges @ Turnpikes © Dams 

Executive Offices 

DILLSBURG, PENNSYLVANIA 


Dallas, Texas Rochester, N. Y. 
Robert E. Smith "41, Vice President 
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Model X-2 










Model XD 
with 2X1 
Box Motion 


NEW 


DRAPER LOOMS 


OFFSET 


Shrinking Mill Margins 





Model XP 


Oud looms, at best, fall short of today’s 


requirements. 


Shrinking mill margins demand in- 
creased output per unit, improved cloth 
quality, utilization of added flexibility, 


and reduction of costs. 


New Draper Looms lead the way with 


APER CORPORATION 





HOPEDALE, 
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MASSACHUSETTS 


Model XL 


. advantages 


these proven advantages. . 
that are further emphasized by the more 
than two thousand new parts adapted 
to X SERIES LOOMS in the last 
eighteen months. 

Insure your competitive position today 
and tomorrow with new X SERIES 
DRAPER LOOMS. 


ATLANTA, GA. 
GREENSBORO, N.C. 
SPARTANBURG, S.C. 
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LUMMUS TO BUILD FIRST 


HIGH-PRESSURE ACETYLENE DERIVATIVES 


PLANT FOR GAF 


The first commercial installation in this country 
for the manufacture of acetylene derivatives through 
high pressure techniques based on Reppe Chemistry 
has already passed design stage. The entire project 
including engineering and construction has been en- 
trusted to The Lummus Company by General Ani- 
line and Film Corporation— pioneer of high-pressure 


» acetylene technology in America. 


GAF research and development groups have car- 
ried investigation from laboratory scale to the build- 
ing of the first U.S. pilot plant at Linden, New 
Jersey in 1949. Since that time, more than 30 new 
chemicals have been produced in semi- works 
quantity. 

Experience gained in daily operation of the pilot 
plant forms the basis for design of the $6,000,000 
commercial unit at Calvert City, Kentucky—sched- 
uled to come onstream in late 1955. 

The plant involving high pressures will supply 
chemicals now unavailable in industrial quantities. 





Among the products to be made initially are prop- 
argyl alcohol, butynediol, 1,4-butanediol, butyrolac- 
tone, 2-pyrrolidone, methylpyrrolidone, vinylpyr- 
rolidone, and polyvinylpyrrolidone (PVP). These 
products have already achieved industrial applica- 
tions in such fields as pharmaceuticals, cosmetics, 
textile auxiliaries, plastics, plasticizers, solvents, ex- 
plosives, and fine chemicals. In a subsequent step, 
vinyl alkyl ethers and esters and their polymers and 
copolymers are also scheduled to be produced at 
the Calvert City plant. 

Lummus is pleased to have been chosen for this 
highly specialized engineering and construction pro- 
ject. It is the kind of challenge that we thrive on. 

The Lummus Company, 385 Madison Avenue, 
New York 17, N. Y. + Engineering & Sales Offices: 
New York - Houston + Montreal - London - Paris 
Chicago - Caracas - Heat Exchanger Plant: 
Honesdale, Pennsylvania + Fabricated Piping Plant: 
East Chicago, Indiana. 


 LUMMos 


DESIGNING ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 











Precision 


Makes the Difference 


The Type 722 Precision Capacitor is 
the accepted standard of variable capaci- 
tance in the electrical measurements in- 
dustry. This capacitor has had a life span of 
around 35 years. In this time, it has under- 
gone continuing redesign, taking advantage 
of improved materials and new machining tech- 
niques. 

Today, this basic electrical component is an 
essential precision unit employed in many phases 
of the electronics business. One word best de- 
scribes how it has maintained its position. That word 
is . . . PRECISION. Precision in all stages of 
manufacture in machining, in hand assembly and 
adjustment, and in the individual calibration to which 
each Type 722 Capacitor is subjected in the G-R Cali- 
bration Laboratory, 

Range 


T Direct 
ype Reading 
(uuf) 


TYPE 722 CAPACITOR 
AVAILABLE IN 
FOUR STOCK MODELS 
The Type 722-D, direct reading 
in total capacitance; and Types 722-MD and ME, direct 
reading in capacitance removed and intended for use 
in capacitance measurements by the substitution 
method. The Type 722-N is designed particularly for 
use at radio frequencies. 








Accuracy of Reading 


With Correction 
Chart Supplied 


With Worm 
Calibration 


Direct Reading 
(Additional Cost) 





722-D 100 to 1150 
$205 25to 115 


+0.1% or +0.4 wuf* +0.1% or +0.1 uf 
+0.1% or +0.08 uwuf* +0.1% ofr +0.02 um 


+0.1% +1 mui 


+0.1% +0.2 wuf 





722-MD 0 to 1050 
$205 Oto 105 


+0.1% +0.2 uuf 


+0.1% ofr 0.4 wuf* +0.1% or +0.1 mut 


+0.1% +1 wuf 
+0.1% or +0.08 wuf* +0.1% or +0.02 pupf 





722-ME Oto 105 
$205 Oto 10.5 


+0.1% +0.2 wut +0.1% or +0.08 uwuf* +0.1% or +0.02 pupuf 
+0.1% +0.05 wuf +0.1% or +0.02 wuf* +0.1% or +0.005 upf 





722-N 


$180 100 to 1100 


+0.1% +1 umf +0.1% or +0.4 wuf* +0.1% or +0.1 wut 





*whichever is greater 


Entire capacitor 
is mounted in a carefully-tooled 
cast frame for maximum rigidity. 


Key areas are milled to close tol- | 


erances to insure minimum strain 


on capacitor plates when as- ; 


sembled in the casting. 

The frame, plates, stator rods 
and spacers, and the rotor shaft 
are all made of the best available 


alloys of aluminum; all parts have { 


same temperature coefficient of 
expansion. Bars of low-loss stea- 
tite support the stator assemblies, 
and polystyrene bushings insulate 
the terminals from the panel. 
Quartz insulation will be supplied 
on special order. 


Changes in construction or added mechanical features will be supplied on special order tt 
suit customer's particular requirements. WRITE FOR COMPLETE INFORMATION, 





Prices shown are NET, f. 0. b. W. Concord or Cambridge, Mass. 


GENERAL RADIO Company: 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 


= A worm drive is used to obtain 

the desired precision of setting. 
To avoid “play”, the worm is 
actually cut right in the shaft. 
Bearing diameters are held to 
within +0.0002 inch. The dial 
end of the worm shaft runs in 
high quality, self-aligning ball 
bearings; the other end is sup- 
ported by an adjustable spring 
mounting. Radial eccentricity of 
the worm gear is less than 0.002 
inch. Electrical connection to the 
rotor is made by means of a 
spring-silver brush running on a 
silver-overlay | drum to assure 
positive electrical contact. 


Type 722 Precision Capacite 
is calibrated on G-R’s standa 
calibrating equipment. The u 
® is artificially aged at elevate 
NEW YORK 6 90 West Street temperatures to stabilize mé 
chanical structure. 
CHICAGO 5 920 S. Michigan Avenue 
LOS ANGELES 38 1/000 N. Seward Street 


WASHINGTON, D.C. 8055 13th St., Silver Spring, Md 








